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PROBLEMS AND CONDITIONS OF 
OCEAN TELEGRAPHY. 


OUR contemporary, the New York Electrical World, in 
its issue of January 26th, contains an article under the 
above heading, written by one Judge R. Z. Weatherbee, 
of Halifax. 

The worthy judge seems to rely for inspiration, not 
on his personal acquaintance with ocean telegraphy, as 
the rather high sounding title of his article might 
imply,’ but on the situation of his particular Parnassus, 
Halifax being, as he describes it, “‘ within sound of the 
sea, whose bed is covered with a network of electric 
cables.” A letter written from Jebel-Teir could claim 
the same advantages. 

The interest the author takes in “applied science,” 
and the solicitude he evidences lest the entrepreneurs 
of the Halifax-Bermuda cable should be led to com- 
mitting some grave mistake in the selection of a type 
of cable, will no doubt be justly appreciated in the 
proper quarter ; but we trust that the worthy judge’s 
knowledge of law is superior to his attainments as 
regards submarine telegraph cables. 

What surprises the future may have in store for us 
with respect to unarmoured cables it is impossible to 
conjecture ; that hemp-covered cables can be laid no one 
has disputed, but that they can be recovered is a ques- 
tion as yet unsolved. The author’s sweeping condem- 
nation of armoured cables is, to say the least, con- 
siderably beyond the teachings of present experience, 
and the few attempts which have been made in the 
direction of hemp-covered cables have not been 
attended with satisfactory results. The judge spoils 
his case by a too enthusiastic advocacy of a type of 
cable whose advantages are problematical, and whose 
construction is condemned by the majority of practical 
submarine telegraph engineers. 

The 1865—1866 Atlanticcables were abandoned owing 
to the rotting of the hemp, thus allowing the sheathing 
wires to “bird-cage.” In the Para-Cayenne section, 


the greater portion being of the same type as the 
1865—66 Atlantics, it was found that all the hemp 
surrounding the wires had disappeared ; in some cases 
eaten by insects, in others, destroyed by vegetable or 
mineral action, and as a consequence, the sheathing 
became bird-caged. Where a closely sheathed type had 
been used, the cable was found to be mechanically 
perfect. The Land’s End—Scilly cable, an unarmoured 
type, lasted but a short time. In the Irish Channel 
cables the hemp serving under the sheathing has fre- 
quently been completely destroyed by insects. The 
cable laid in 1860 in the Mediterranean failed, owing 
to the hemp being eaten by submarine insects in 
depths of 1,500 fathoms, thus leaving a cage of loose 
iron round the core. . 

The author quotes, as a point in favour of the un- 
armoured type, that some 50 miles of this cable was 
inserted into one of the Atlantics during a recent 
repair. If this incident goes to prove anything, it 
surely points to the fact that the armoured cable was 
successfully recovered in order that the unarmoured 
portion might be spliced on. 

As to the statement that “iron can endure in the 
ocean but a few years,” the author’s conception of time 
differs somewhat from ours. Take the instance of the 
1851 Channel cable, portions of which have been lately 
recovered with the iron wires so slightly corroded, as 
practically to have lost but little of their original 
strength. And this was a “bright” cable, that is, no 
compound, tape, or serving used as a protection to the 
sheathing. As an instance of how well iron wires last» 
wken properly galvanised, we may cite the case of the 
1875 Panta Rassa—Key West cable; recent repairs 
effected to this section have shown that the iron wires 
are as perfect as on the day the cable was submerged. 
This is a case of a considerable length of cable laid in 
very shallow water. Then we can quote as an example 
of cables laid in very deep water—the West India cables, 
laid in 1870, 1871, 1872. The failures in these cables 
are not due to any inherent defect in iron as being 


subject to corrosion, but to the exceptionally dangerous 
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character of the bottom. The recapitulation of such 
examples might be continued indefinitely. 

In a sheathed cable each convolution of wire abuts 
and bears against its rigid neighbour, thus giving 
solidity and strength to the whole. In cables where 
each sheathing wire is covered with hemp, and in those 
types where alternate cords and wires are employed, 
this element of strength is absent, and when the hemp 
decays or is eaten the sheathing wires are separated. 

It appears to us that the danger to be dreaded in the 
employment of an unarmoured cable lies in the readi- 
ness with which it may be damaged by a grapnel. 
Before any strain is indicated on the dynamometer, 
beyond the normal dragging strain, showing that the 
cable has been hooked, a considerable length of cable 
must have been dragged over the ground ; the grapnel, 
as the extension varies on either side, will surge along 
the cable, flattening the hemp covering here and there, 
and gradually displacing and opening out the threads, 
with the result of changing the disposal of the covering 
and destroying the element relied upon for strength. 

As regards the Halifax-Dartmouth cable, quoted as 
an example of the endurance of an unarmoured cable in 
shallow water, we cannot, of course, question the 
author’s statement; but we think that the ground 
selected for the experiment must have been chosen 
with singular ability. The distance between the two 
places is about one nautical mile, greatest depth about 
11 fathoms, and with a mud bottom—not, as the article 
would lead one to believe, rocky ground. Can any- 
thing be more absurd, when the locality is considered, 
than the following statement ?—“ This cable, subjected 
to all the dangers incident to shore ends, is now as 
perfect as when made,” &c. Shore endsare not always 
laid in well-sheltered harbours, on soft mud bottoms ; 
in fact, not one in a hundred is to be found under such 
conditions. What chance would a hempen cable have 
of lasting, even a week, on a rocky shore exposed to 
sea and swell, or to the chafing caused by tides and 
currents? Weare told that “In the deep solitude of 
the ocean bed, as I learn, all is still. There is not 
sufficient motion to break a gossamer thread.” This is 
a very pretty conception, but one better adapted to the 
pages of a young ladies’ album than the columns of a 
scientific journal. The influence of surface currents 
may not extend to very great depths, but at any depths 
there may be found currents caused by differences of 
temperature which develop streams, governed by the 
formation of the bottom, both as to direction and speed. 
And, further, an eminent authority states that circula- 
tion in deep water is produced by the transformation 
of the tidal wave into a current on meeting with 
obstructions, such as ridges or banks, even though they 
may have a thousand or more fathoms of water on 
them. 

As to the question of “induced magnetism” pro- 
moted by the sheathing wires, the matter is one of 
comparison between the effects of induced currents, 


‘resulting from earth currents or from magnetic storms 


on ap armoured cable, and the effects on an unarmoured 
cable, proceeding from the same causes. In both cases 
disturbing effects will be produced, but the relative 


values of these, which no doubt differ in their conse- 
quences, can only be ascertained by experiment. It is 
scarcely necessary to observe that the author of the 
article gives no data to prove that the difference of 
effect in the two cases is so great as to justify the 
employment, apart from mechanical considerations, 
of a hempen cable in preference to an armoured one. 

With regard to the Pacific Ocean being “ vastly 
deeper” than the route between Halifax and Bermuda, 
which has a maximum depth of 2,800 fathoms, our 
judge is correct, inasmuch as soundings of over 4,000 
fathoms have been obtained in the Pacific ; but when 
he mentions these vast depths as being necessarily 
associated with a Canadian-Australasian cable, a con- 
sultation of the charts would show him that a very 
direct route between Vancouver and New Zealand can 
be followed with a maximum depth of from 2,400 to 
2,600 fathoms, and it would be necessary to make a 
most erratic course, in order to come across any abnor- 
mally deep water. 

The statement that hempen yarn was recovered ina 
perfectly sound condition, after an immersion in one 
case of 79 years and in another of over 100, is excellent 
as a statement, but as an argument only goes to prove 
that the conditions, in the cases referred to, were ex- 
ceptionally favourable to the endurance of hemp. 

When submarine cable manufacturers have arrived 
at such a degree of perfection in their work that a 
cable can be laid with the guarantee that not even 
an incipient defect is present, or when experiments 
have shown that a hempen cable can be recovered as 
easily as an armoured one, it will then be time for 
Judge Weatherbee, and equally unscientific but in- 
terested advocates, to condemn the serviceable article 
we are at present satisfied with. 


WE have been anxiously ‘awaiting a reply from Sir 
John Pender anent our note of last week, but up to the 
time of going to press nothing has reached us from that 
quarter. We will now state that our excellent con- 
temporary which Sir John and his friends claim to 
have started and kept ina flourishing condition for a 
very laudable purpose was, in reality, established for a 
very different reason, and, if we had not so much 
respect for its late editor, we should feel inclined to 
ask that gentleman to make a clean breast of it. But 
after all, it is only another illustration of that celebrated 
truism of Bobbie Burns, that “ the best laid schemes of 
mice and men gang aft agee.” : 


THE Liverpool Tramway Company is in sore straits 
for traction power. Peculiar conditions under which 
it took over the lines from the Corporation have made 
it extremely difficult for it to pay a dividend ; the hilly 
nature of some of the thoroughfares renders horse- 
haulage painfully costly, and there are various reasons 
why steam power cannot be applied. Compressed air 
is considered too expensive, and the wire cable con- 
tractors who have been applied to have scared the com- 
pany by the price they suggest. Under these circum- 
stances the company is in great trouble, and would 
gladly welcome anyone who would get them out of the 
difficulty by pointing out a cheap and practicable 
system of traction. “Electricity is evidently the solu- 
tion—as to practicability at all events. Hearing of this 
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matter, Lord Bury wrote a letter last week to the Daily 
News, which is full of interest and instruction. 
Observing that tramway traction by electricity is no 
longer on the same footing as steam, air, or wire cables, 
he says: “A few friends who have been working 
together for the last four years without any public 
appeal for money, and without attracting attention more 
than they could help, have quietly solved the problem, 
and can now appeal to achieved results. The Electric 
Traction Company, as we call ourselves, first experi- 
mented for two years on a line between Brighton and 
Shoreham ; then, when the experimental stage was over, 
they laid down a temporary plant for purposes of 
demonstration on one of the branches of the North 
Metropolitan Tramway Company, where their exhibi- 
tion carriage has been running with complete success 
for many months past. Now that phase is over, the 
temporary plant has been removed, large and powerful 
stationary engines and dynamos are rapidly being 
erected on the spot where it stood, and five handsome 
cars, completed and wired for the reception of the elec- 
trical accumulators and motors, stand ready in the 
Leytonstone works of the North Metropolitan Com- 
pany’s car manufactory, waiting only till engines and 
boilers, which are’on the spot at Barking, can be placed 
in position. A fortnight or three weeks will see the 
whole at work, and a complete service of electric cars 
will take the place of horses on the Barking section of 
the North Metropolitan Tramway Company.” The 
noble lord admits that only actual work will satisfy the 
public that electric traction can be supplied at less cost 
than horses, but declares that to those who have been 
watching and experimenting during the past four years 
that is already demonstrated. ‘“ Those who have not seen 
the trials,” he adds, “and studied the accounts, must 
perforce wait till the report of the North Metropolitan 
Tramway Company, when they take over the installation, 
sets the question at rest,” and he expresses the hope 
that the directors of the Liverpool T»amway Company 
and others, who are anxious to see electric traction on a 
sound system, commercially profitable, will go and see 
the system at work on the North Metropolitan Com- 
pany’s line from Barking to Canning Town, where, he 
says, “I hope our spirited pioneer customers will 
speedily be able to take over the work and pronounce 
it satisfactory, and that they will reap the reward due 
to their enterprising spirit.” We trust that the ap- 
proaching demonstrations will be of so satisfactory a 
character as to incline the directors of the Liverpool 
Company towards the adoption of electricity for their 
lines. 


MUCH is being said about the recent application of 
gas for the internal lighting of certain omnibuses in 
London. This is no doubt a great advance upon the 
old and almost useless system of oil lamps, but as the 
adventurers were bent upon doing something bold and 
enterprising, it is a pity they did not adopt electric 
lighting. Other ’bus proprietors will do well to take 
the hint. 


IT is a boast of English electricians that we are far 
ahead of our American rivals in our knowledge of the 
Science of «lectrotechnics, although we cannot claim 
such a distinction when it comes to the practical 
applications of electricity. It seems to be merely a 
question of a short time, however, when electricians, 
at least those of the rising generation, in the States, 
will be able to hold their own even in the theoretical 
branches of study if the course of instruction in 


electrical engineering in the Massachusett’s Institute of 
Technology may be cited as an example of their tuition. 
Besides the work done by the regular staff of instruc- 
tion, which seems to be very complete, extra teaching 
is given by gentlemen specially conversant with certain 
branches of applied electricity. Thus, during the past 
year such courses of lectures, by men who spend their 
lives in that special vocation upon which they treat, 
were delivered on the application of electricity to 
railway signalling, and on the electric lighting of 
railway trains ; on methods of wiring for the distribu- 
tion of electricity ; on electro-motors ; on specifications 
and contracts for electric lighting, and upon other 
equally important topics. It would be well if this 
example were more generally followed in English 
technical centres, for, however profound the learning 
of professors, they cannot be expected to give students 
the same practical insight into electrotechnics as can a 
specialist who devotes his life and energies to the one 
object which he claims as his own. Such men as Mr. 
Esson, Mr. Albion Snell, Mr. Mordey, Mr. Reckenzaun, 
and several others we could mention, are the kind of 
instructors whose services should be sought for a 
special course of lectures, illustrated by real practical 
examples of the experience they have gained during 
years of actual working with the special apparatus 
upon which they are so competent to treat. By 
all means let the professors do all the theorising, but 
let us also have the practical men to show the students, 
as Dr. Lynn would say, “that’s how it’s done.” 


WE should much like to know how the Barnet in- 
stallation has fared since Sunday last. As our readers 
are aware the conductors are overhead, and we recently 
expressed fears as to their stability when exposed to 
the real severities of winter. We trust, however, that 
Barnet has been spared the total collapse of the 
system. 


THE two years’ guarantee into which Messrs. Mather 
and Platt have entered with the London and South- 
wark Subway Company is very significant, and should, 
once for all, settle the vexed question of the economy 
of electric traction. Technical men have known fora 
long time the precise cost of running, but the difficulty 
has been to persuade the commercial section of our 
community to believe that the figures compiled by 
electricians were sufficiently accurate to stand the test 
of careful financial investigation. Messrs. Mather and 
Platt have, however, not only the requisite technical 
experience to guide them in their estimates but they 
also hold that position from a business point of view 
which enables them to act independently of outside 
monetary support which so often brings a good and 
valid scheme to grief through the almost impossible 
restrictions imposed by the financiers upon inventors, 


THE Corporation of Bradford may possibly be the 
means of bringing forth such information as will 
enable electricians to pass judgment upon the best form 
of meter for registering the supply of electricity to 
private consumers. As these apparatus at present exist 
there are men ready to assert that not one amongst 
them is a reliable instrument ; and really it appears 
that we have nothing yet to hand which realises Prof. 
George Forbes’s requirements of a perfect meter, 
Nevertheless, the engineer to the Bradford Corporation 
may be satisfied with something falling short of the 
ideal, and in this case he will probably find several 
meters competent toisatisfy his desires. 
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THE SUBMARINE CABLES OF THE WORLD. 


From the Berne “ Journal Télégraphique.” 


THE total length of submarine cables actually at work 
throughout the world amounts to 113,031 nautical miles, 
of which 110,463 miles have one conductor, and 2,568 
miles have several conductors. The multiple conductor 
cables are as follows :— 


Situation of the principal cables. 
con- 
ductors. 
2 203 | Coasts of Denmark, Norway and Sweden. 
Internal service of ‘Japan. Montevideo and 


Buenos Ayres cable. 

3 932 | International system between Germany, Den- 
mark, Sweden and Norway. Danish Govern- 
ment system. British Government cables 
in the Irish Sea, St. George’s Channel, the 
English Channel and the Coasts of Scotland. 
Italian Government coast cables. Cable 
between China and Japan. Placentia-St. 
Pierre, and St. Pierre-Cape Breton, cables. 


4 | 1037 ! Danish Government system. British Govern- 
ment coast cables. Cables between Eng- 
| land and France, Belgium, Holland and 
| Germany. Cables between England and 
Treland. 

5 | 4 | Internal service in France. 

6 | 173 | Cables between England and France and 
Belgium. 

7 219 | Dieppe and Beachy-Head cable. Cable 


| between England and Ireland. British 
| Government coast system. Danish internal 
service. 


Total... ™ 2568 | nautical miles. 


The lengths of cables belonging to various Govern- 
ments amount to 10,500 N.M., and are as follows :— 


France ae us ... 8,197 nautical miles. 
British India .. 1,873 
Great Britain 877 
French Cochin- China 810 


Total wos aon . 10,500 nautical miles. 


The lengths of submarine cables owned by private 
companies amount to 102,531 N.M., and are apportioned 
among the following 27 companies :— 


Eastern Telegraph Compan .-- 18,838 nautical miles. 
Eastern Extension yo and China 

Telegraph Company 12,035 
Anglo-American Telegraph Company 10,438 
Brazilian Submarine Telegraph 7,326 
Commercial Cable Company 6,937 - 
Great Northern Telegraph Company 6,108 
Western Union Telegraph Company « 5,587 ”» 
Eastern and South African Telegraph 

Company ... 4,054 
West India and Panama Telegraph. Co. ... 4,119 » 
Western and Brazilian Telegraph Company 3,801 s 
Cie. Francaise Paris 4 New York . 3,409 ioe 
Central and South American Telegraph Co. 3,178 % 
Direct United States Cable Company ... 2,983 ie 
West African Telegraph Company 2,826 
African Direct Telegraph Company 
West Coast of America Telegraph Company 1,699 ne 
Spanish National Submarine Telegraph Co. 1,173 
German Union Cable Company _... 
Cuba Submarine Telegraph Company _... 940 - 
Submarine Telegraph Company ... 804 
Direct Spanish 699 % 
And five other companies < ‘of minor im- 


Total ... oid i ... 102,531 nautical miles. 


To the foregoing total of 113,031 nautical miles of 
submarine cable in actual working order, there may be 
added about 12,000 miles of cable abandoned. 

The following list will give an idea of the lengths of 
cable laid each year from 1851 to 1888 :— 


Year. Length, N. M. Year. Length, N. M. 
1851 to 1879 10,550 
1868 .. - 15,830 1880 ... 4,637 
1869 ... 4,828 1881 ... 2,978 
1870 ... 12,056 1882 ... 9,158 
1871 7.777 1883 ... 2,584 
1872... 838 1884  ... 13,671 
1873 7,918 1885 ... 4,382 
1874 7,867 1886 to 

1875 ... 5,987 1888 6088 
1876 ... 3,327 

1877. Total 125,000 
1878 1,061 


NOTE. _The cables laid in 1888 by the Antilles Cable 
Company, between Cuba, Hayti, Santo Domingo, 
Curacao, and Venezuela, in all from 900 to 1,000 
nautical miles, are not mentioned. 


A SYNTHETIC STUDY OF DYNAMO 
MACHINES. 


(Continued from page 86.) 


V.—MAGNETIC FIELDS IN PRACTICE—(concluded). 


18. General Conclusions.—In previous numbers we 
have described the various arrangements of field 
magnets and armature cores employed in practice. We 
have also determined, with a fair degree of accuracy, 
the effective ampére-turns required for the magnetic 
circuits, constituted by these combinations of magnets 
and core. We are not, however, in a position to give the 
total ampére-turns, for, as we mentioned last time, there 
have to be added to the effective turns already calcu- 
lated a number of compensating turns whose function 
is to counteract the effect of reactions due to the current 
in the armature. These reactions will be considered 
in Part VII., the present article being a summary of 
the considerations which have occupied our attention 
in the present part. 

It will have been apparent from the magnetisation 
curves that wrought iron requires for agiven induction 
a magnetising force far less than that required by cast 
iron, while the possible induction through it reaches a 
much higher value. Roughly, we might say that the in- 
duction in wrought iron, as shown by the curves, is for 
a given magnetising force per centimetre about two to 
two and a half times that produced in cast iron, this, of 
course, meaning that if cast iron is employed for field 
magnets its cross section must be greatly increased. The 
section should never be under twice that which would be 
employed for wrought iron ; and if it is necessary to 
have cast yokes or pole pieces when the magnet cores 
are of wrought iron, the section of the former should be 
at least 24 times the latter. It is of thegreatest import- 
ance to prevent the lines of force from being throttled, 
as it were, in passing through the material of inferior 
magnetic quality, and it is for this reason that the 
section has to be increased as described. 

From the above it appears that a field magnet, con- 
structed wholly of cast iron, will have about 2} times the 
weight of the wrought iron magnet, which would pro- 
duce a similar strength of field with similar mag- 
netising force, and as each turn of wire embraces a 
greater area, the amount of copper on the exciting coils 
will be also greater. As far as economy in copper or 
weight of iron is concerned, we see, then, that wrought 
iron has a decided advantage over cast. But in many 
cases weight is of no importance, and it is simply a 
question for the manufacturer to decide whether the 
efficiency remaining the same, the advantage in cost 
lies with a certain weight of casting, requiring a given 
amount of copper, or with a magnet made up of tooled 
forgings but requiring less copper. The decision must, 
of course, depend on the general design of the machine. 

We have seen that the magnetising force required for 
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the induction in an air gap is very large compared with 
that required for the induction in iron, and it is there- 
fore necessary to have any joints in the iron part of the 
magnetic circuit properly faced together. The area of 
the faces should be as large as it can be conveniently 
made, and the fewer the joints the better magnetically. 
With a view to avoiding joints altogether, some makers 
have constructed single horseshoe machines in which 
the magnet is a solid forging; but this is most ex- 
pensive, and there is gained no advantage corresponding 
to the increased outlay. 

As we advance in our study, we shall find that in 
order to provide for the radiation of heat from the mag- 
netising coils, it is necessary to give the latter such 
length that they shall present to the atmosphere so 
much cooling surface per watt expended in them. 
The magnet cores must be sufficiently long for the coils 
to comply with this condition of cooling, but length 
beyond this is objectionable. Indeed, the magnetic 
circuit, both iron part and air part, should be made as 
— as possible, in order to keep the magnetising force 
8 > 

From the fact that a circle contains the greatest area 
for a given periphery, we might say that the circular 
form for magnet-cores is the best, the length of wire 
required for a given number of convolutions and given 
strength of field being then least. The adoption of the 
circular section depends, however, upon the general 
design of the machine, as will have been seen from the 
forms of magnets we have given. In fig.52 (page 692, Vol. 
XXIITI.), for instance, a circular section would entail cast 
pole pieces, formed to take the round core and spread out 
togive the necessary cross section to theair gap. Instead 
of round cores and cast pole pieces, in this design of 
machine rectangular slabs bored out for the armature, 
as shown, are considered preferable. In the machines 
shown in figs. 55, 56, 57 and 58, where cast iron pole 
pieces are necessary, the round form is, however, 
adopted, while in figs. 60 and 61, where there are no 
distinct pole pieces, the rectangular shape is adhered 
to. Calling the length of wire to enclose a given cross 
section when the core is circular = 1, we have for a 
square section a length = 1°14 for a rectangle, 2 tola 
length = 1°22, for3 to 1a length = 1:34, and for 4 to 1 
a length = 1°43. In each of these sections the area is 
similar, and if the parts of the magnetic other than the 
cores were similar the same total field would be pro- 
duced for the same magnetising force. We have to 
put on the rectangular slab 4 to 1, something like 43 
per cent. greater length of wire for the same number 
of convolutions, than on a core of circular section, while 
if the power spent in the coil in watts is to remain the 
same as for the circular form, the area of the wire will 
have to be increased by 43 per cent. as well. This 
means that for the same efficiency the weight of copper 
will be in the case under consideration 100 per cent. 
greater provided the same magnetising force is required 
for the circuit as before. From the fact that machines 
with round cores must have pole pieces which are 
generally of cast iron, while machines with rectangular 
magnet cores (fig. 52) need have none, it is probable 
that the total magnetising force required may be 
less in the latter case than the former, but since the 
air gap and induction in the armature core are assumed 
to n= similar, the reduction in the total force cannot be 
great. 

Comparing the single horseshoe (fig. 51) with the 
double horseshoe (fig. 52) type of magnet, it is evident 
that the latter requires a greater length of wire for a 
given total field than the former. Let the length of 
the armatures be the same in both cases, as also the 
area and thickness of the air gap. Imagine that the 
cross section of the sing!e magnet is a rectangle having 
sides of 4 to 2, the greater dimension lying parallel to 
the shaft. 1n the double magnet, as half the total 
lines pass through each horseshoe, the cross section 
required will be one-half of its former section on 
4 to 1, and neglecting any difference in the stray 
field the magnetising force required for each horse- 
shoe will be the same as required formerly for the 
single magnet. We have therefore on the machine, 


counting the two horseshoes twice the number of con- 
volutions we had for the single magnet, and the lengths 
of wire required for the two types are consequently 
in the ratio of 12 to 20 or 1 to 1°66. If in both single 
and double magnets the cores were of circular section, 
the lengths would stand in the ratio of 1 to 1-416. 
In either of the cases considered the weight of wire, if 
the efficiency remains the same, is about proportional 
to the square of its length, because as the length is 
increased the section must be increased in the same 
proportion for the watts spent in the magnetising coils 
to have the same value. 

It will be seen that the slope of the curve (0, E, 
fig. 68) representing the magnetising force required 
for an air-iron magnetic circuit is determined mainly 
by the slope of the line (0, B) representing the mag- 
netising force required for the air gap. The latter is 
proportional to the induction, but the magnetising force 
for iron is relatively small to that for air for low 
degrees of saturation, and only becomes comparable 
with it as the iron becomes saturated to a considerable 
extent. The considerations which guide us to a deter- 
mination of the best degree of saturation for armature 
cores and field magnets we shall deal with later. 


(To be continued.) 


VELOCITY OF LIGHT.* 
By Sim WILLIAM THOMSON. 


THE number of electrostatic units of potential or elec- 
tromotive force in the electro-magnetic unit of potential 
is essentially a velocity, and experiments have proved 
it to be so nearly equal to the velocity of light, that 
from all the direct observations hitherto made we can- 
not tell whether it is a little greater than, ora little less 
than, or absolutely equal to the velocity of light. 

Sir W. Thomson is engaged now in making a set of 
electrometers which will measure by electrostatic force 
potentials of from 40 volts to 50,000 volts. The stan- 
dardisation of these instruments, up to 200 or 300 volts, 
is made exceedingly easy, by aid of his centiampére 
balance, with a voltaic battery of any kind, primary or 
secondary, capable of giving a fairly steady current of 
one-tenth of an ampére through it, and platinoid resist- 
ancesin series with it. The accuracy of the electro- 
magnetic standardisation, within the range of the direct 
application of this method, is quite within one-twentieth 
per cent. A method of multiplication by aid of con- 
densers, which was explained, gives an accuracy quite 
within one-fifth per cent. for the measurement in volts 
up to 2,000 or 5,000 volts, and with not much less 
accuracy, by aid of an intermediary electrometer, up to 
10,000 volts. Such a potential as 10,000 volts is con- 
venient for measurement by an electrostatic balance, 
which was fully explained in the lecture and illustrated 
by adrawing. But hitherto he has not been able to 
make sure of the absolute accuracy of this electrostatic 
balance to closer than one-half per cent. The results 
of a great number of measurements made in the Phy- 
sical Laboratory of the University of Glasgow, during 
the last two months, give the required number, com- 
monly called “ v,” within one-half per cent. of 300,000 
kilometres per second ; the velocity of light is known 
to be within one-fourth per cent. of 300,000 kilometres 
per second. Results of previous observers for determin- 
ing “v” had almost absolutely proved for “ v,” at least, 
as close an agreement with the 300,000 as this. He ex- 
pressed his obligation to his assistants and students in 
the Physical Laboratory of Glasgow University, Messrs. 
Meikle, Shield, Sutherland and Carver, who worked 
with the greatest perseverance and accuracy in the 
laborious and often irksome observations by which he 
had attempted to determine “vu” by the direct electro- 
meter method as exactly as, or more exactly than, 
it has been determined by other observers and other 
methods. 


Abstract of part of lecture at Royal Institution, February 8th, 
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THOMSON-HOUSTON DOUBLE MOTOR 
* TRUCK. 


THERE can be no doubt, says the New York Street Rail- 
way Journal, that since the first electric railway was 
started in this country vast strides have been made in the 
manufacture and perfection of new forms of apparatus. 
This has been the case not only in the appliances used 
in the overhead construction, but also in the motors 
and motor trucks. The Thomson-Houston Company 
has made marked progress in the improvement of all 
classes of electric railway: appliances, and especially in 
the direction of the application of the motor to the 
truck; the various forms of truck now manufactured 
by this company are simple, compact and efficient. 
One end of the motor frame is hung upon the axle of 
the car truck by two large bearings, the other end is 
-supported by a knee fastened to the field magnet and 
resting on a spring, which in turn is supported by a 
channel iron fastened at the ends to the side irons con- 
necting the pedestals or boxes. It will thus be seen 
that the motor and its frame are entirely independent 
of the car body, and the axles bear the entire weight. 
Owing to the fact that this method of suspension 
permits a movement of the motor, the car can be 
started without jar. This method also does away with 
any strengthening of the car floor as is necessary when 
one end of the motor is suspended from the car floor. 
In order to reduce the speed of the armature, which 


as the larger points and have acted accordingly. The 
governing system is very efficient. 


NOTES ON RECENT EQUIPMENT. 


It is at present a well-known fact that some time 
ago the Thomson-Houston Company purchased all the 
railway patents of the Van Depoele Company, which, 
together with their valuable patents, placed them ina 
position where they were able to offer to street 
railways electrical equipment of the highest character. 
When the Thomson-Houston Company entered the 
field of electric railways, it did so with apparatus 
beyond the experimental stage—with appliances which 
had stood the test of time, and had been proved to be 
reliable and substantial. The first road which was 
equipped throughout with Thomson-Houston appliances 
was the road at Crescent Beach, Massachusetts ; this road 
was built during the latter part of June and the cars 
started July 3rd. For a short time the Thomson- 
Houston Company furnished an expert to instruct the 
men employed by the Lynn and Boston Street Railway 
Company (by whom the line is owned) in the opera- 
tion of the electrical apparatus ; but from the time the 
cars were started until they were taken off at the close 
of the season, they were operated by men who had 
previously been drivers and conductors on ordinary 
street cars, and who were entirely unfamiliar with the 
electrical appliances. Since this road was built the 
Thomson-Houston Company has been equipping other 
roads with electrical apparatus, and has at present 19 


Fie. 1—TxHomson-Hovuston Motor Truck. 


runs at about 1,200 revolutions per minute when the 
car is on a level, four cut spur gears are used. The 
armature pinion is made of alternate discs of metal 
and other special material firmly fastened together. 
The intermediate gear is of cast iron and is fastened on 
a shaft having bearings on each side of the motor frame. 
This preserves the parallelism of all the running shafts 
and prevents the possibility of the gear wearing out of 
line. Fastened to this intermediate gear is the second 
pinion, similar to the one just described. This pinion 
engages with a slit gear fastened tothe caraxle. By 
this arrangement and make of pinions an almost 
perfectly noiseless running gear has been obtained. 

Another most important desideratum has also been 
accomplished, which is the making of all bearings 
practically self-oiling. 

Much time and attention has been given to this matter, 
and the crucial experiments which the motors so 
arranged have been put to for the past six months in 
practical operation seems to substantiate what has been 
claimed for them. 

Another important feature of the Thomson-Houston 
motor is the stub brush (patented), which always bears 
upon the commutator at an even pressure, and is of such 
shape that the armature can be rotated in either direc- 
tion without any danger of doubling back or bending, 
as is the case with the tangential brushes. Their life, so 
we are informed, is also very great. The engineers of 
the Thomson-Houston Company have evidently recog- 
nised that it is the little things which are as important 


roads in operation and 15 in the process of construc- 
tion, one of which (Topeka, Kan.) will be the largest 
and, it is said, the finest electric railway in the 
world. 

There have been many objections urged against the 
electric railway, but these objections are fast losing 
ground, and public opinion becomes stronger and 
stronger every day in itsfavour. There can be no ques- 
tion but what the electric railway possesses many 
features of superiority over horse or cable lines, and 
this fact is rapidly being acknowledged by street 
railway men. The great objection to overhead con- 
struction is fast becoming a thing of the past; there 
is every reason why it should, since pole lines which 
are now being constructed by the Thomson-Houston 
Company are built of ornamental iron poles and un- 
obtrusive in every way. Since the completion of the 
Crescent Beach Road the Thomson-Houston Company 
have constructed many roads ; the last one to be com- 
pleted, which will amply illustrate the point in ques- 
tion, the overhead construction work, was the Eckington 
and Soldiers’ Home Street Railway, of Washington, 
D.C. This road is one of the finest that has been con- 
structed in the United States ; it is built of the very best 
of material throughout, and reflects great credit on the 
Thomson-Houston Company. It will ‘doubtless be re- 
membered in connection with this road that the ques- 
tion of overhead wires, both as regards danger and dis- 
fiurement of the streets, received much attention. The 
District Committee of the U. 8. Senate, after carefully 
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investigating the subject of overhead wires, reported 
as follows :— 

“The testimony befure the committee shows that an 
electrical current of 400 or 500 volts potential is not 
dangerous to human life. The testimony is over- 
whelming and conclusive on this point. 

There is no danger in overhead lines. The poles and 
wires are but a little if any obstruction on the street. 
Overhead wires have been generally adopted, and are 
generally successful. 

Your committee deem it of great interest to the 
District of Columbia that the electrical system of pro- 
pelling street cars should have had a fair trial.” 

Certainly, it would seem from this that if in as beau- 
tiful a city as Washington wires and poles are not con- 
sidered objectionable, arguments against them ought 
not to have much weight elsewhere. The Eckington 
and Soldiers’ Home Railway was opened to traffic 
October 17th, and has been running since then without 


STANDARD OF INSULATION FOR ELECTRIC 
LIGHT CIRCUITS. 


By G. E. FISH, in the Western Electrician. 


IN establishing a standard insulation for electric light 
circuits three questions are to be considered. The first 
and most important is to guard against danger to 
human life; second, to guard against fire, and third, 
the cost of maintaining this standard. Ohm’s law 
shows that the quantity of electricity passing through 
a conductor is equal in ampéres to the electromotive 
force in volts divided by the resistance of the con- 
ductor in ohms. If aman comes in contact with the 
conductor of an are or incandescent circuit a current 
will pass through him, which will be equal to the elec- 
tromotive force of the current passing through the 
conductor divided by the resistance of his body added 
to the resistance of the insulation of the circuit. This 


Fig. 2.—Crescent Beacn Roap, 


interruption and to the perfect satisfaction of its direc- 
tors. This road was carefully and critically examined 
by the delegates to the American Street Railway Con- 
vention, held in the City of Washington, October 17th 
—20th, and pronounced by many of them, both in 
construction and operation, the finest electric railway 
in the country. 

On this road are to be seen the improved automatic 
frogs for the overhead line, which guide the trolley 
from the main wire, to cross over or the reverse, with 
the same ease and certainty that the track frog guides 
the car. The curve construction is also noticeable as 
requiring so few auxiliary wires; it is exceedingly 
simple, neat, and efficient. 

The truck is strong and durable, and the motors are 
not at all conspicuous. The cars move easily, and the 
bystanders seemingly cannot become accustomed to the 
marvellous display of power. Each car can, if necessary, 
80 it is said, haul an additional heavily loaded car with 
the greatest ease, 


assumes that the man is standing on damp ground, or 
is in some position in which he is not perfectly insu- 
lated. If one terminal is grounded, and if he grounds 
himself at the other terminal at the time he comes in 
contact with the conductor, which is carrying a 1,000 
volt current, he will receive in his body current equal 
to 1,000 volts, divided by 5,000 ohms or ‘2 ampéres. 

I have measured the resistance of several men from 
hand to hand, and find that they average from 4,000 to 
15,000 ohms. As it is a generally accepted fact that 
1,000 volts will kill a man, and assuming from the 
above test that the average resistance of the human 
body is 5,000 ohms, we get by Ohm’s law ae = 2 
ampére, which would go to show that the quantity 
of current that will destroy human life is two-tenths of 
an ampére. 

A gentleman who is well informed in electrical 
science claims that one-tenth of an ampére is all that ig 
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required, but I once had an opportunity of disproving 
the statement. An gpmployé was connecting a testing 
device to be used on a dynamo that at the time was 
running with 32 arc lights. The potential had been 
taken a few moments before, and was found to be 
1,300 volts. The device was to be shunted across the 
terminals of the dynamo. At the time one side of it 
was connected, a short wire was hanging from the 
other side. The man was at work on 4 wire from the 
opposite terminal of the dynamo when he accidentally 
touched the end of the free wire, receiving through his 
body the 1,300 volts. The resistance of the testing 
device was 5,580 ohms, and of his body, from hand 
to hand, 6,000 ; so that he got a current equal to these 
two resistances added (11,580 ohms), divided into the 
1,300 volts, or ‘12 ampére. Had not the 5,580 ohms’ 
resistance been between him and the opposite pole of 
the dynamo there is no question but that he would 
have been killed. In that case he would have received 


6,000 21 ampere. 

Assuming that ‘2 ampére is the quantity of current 
we must provide against, let us determine on an 
insulation. For example, we will take a circuit of 
50 are lights and a current of 2,500 volts, the insulation 
of the circuit measuring infinity, except at a point at 
the negative pole, where it is a megohm. If a man 
comes in contact with the conductor at the posi- 
tive pole a current will pass through him equal to 


Limite 5,000 = ‘0024 of an ampére. Let us now 


assume that the insulation of the circuit is a megohm 
equally distributed. We have 50 lamps with a potential 
of 2,500 volts, or 50 volts to the lamp, and a total insu- 


‘ 


lation of 1,000,000 ohms, or 50,000,000 ohms to each 
space between lamps. There will be a certain amount 
of leakage from each of these spaces, as shown in the 


diagram. 
The dotted lines represent the leakage. The in- 
sulation from one lamp to another is 


25,000,000, and, with a potential of 100 volts (two 
lamps), we have a leakage or “eddy current” of 
= ‘00004 of ampere, 

_ The man of 5,000 ohms resistance comes in contact 
with the conductor at some point along the circuit, 
forming a shunt of = 4,997 ohms. 
Now, as he has only shunted one side of the circuit, 
he will get a current in proportion to the resistance 
of the other side, and the current will be equal to 
50,000,000 x 9,997 100 : 
50,000,000 + 9,997 ~ 4,996 = ‘02 of an ampere, which 
is not at all dangerous. 

Let us now assume that the circuit measures infinity, 
except at a point near one terminal, where it is 12,500. 
If he comes in contact with it at the opposite pole he 


will receive a current of eerirettrh = ‘14 of an 


_ ampere, which, while perhaps not dangerous, would be 


very uncomfortable. 

If we distribute the 12,500 ohms equally, as in the 
case of the megohm circuits, we get 12,500 x 50 = 
625,000 as the insulation of each space, which, divided 
by two, gives us 312,500 as a path for 100 volts, or a 
current of ‘00032 of an ampére. From this we may 
assume that an insulation of 12,500 ohms equally dis- 


tributed is perfectly safe for a 50-light circuit, so far as 
any danger to life is concerned, and we may settle upon 
an insulation of five times the E.M.F. as a standard. 
As an example of the employment of this rule, let us 
take the following: A 20-light are circuit, 45-volt 
900 
lamps, 20 x 45 x 5 = 4,500; 4,500 + 5,000 095 
ampére, which we have shown is perfectly safe. Or 
we will take an incandescent circuit of 220 volts ; 220 


220 
x 5 = 1,200; 1,200 + 5,000 ~ 037 of an ampere. 

As to the fire question, let us first determine what 
causes the fire. If the wire used is of the same size as 
that at present employed there can be no danger of its 
become heated, so we must look to the insulation. If 
the current could not leak from the wire there would 
be no danger, but it does get away, and it escapes 
through the defective insulation. It is my opinion that 
the fire is caused by the current heating this defective 
insulation as it passes through it, and that heating will 
be in proportion to the amount of current flowing 
through it. For instance, if a current becomes “ dead” 
grounded on one side, there is no danger, except that 
of forming another ground, or an escape between the 
ground and the point of lowest insulation, which escape 
will be in proportion to the E.M.F. between these two 
points. Now, suppose another ground does come in ; 
so long as neither of them offers any resistance there 
can be no danger, but if instead of a ground it is an 
escape of 500 ohms, and the potential is 2,000 volts, 


there will flow through this escape a current of sae 


= 4 ampéres. If the material through which it is 
flowing is of an inflammable nature, it is more than 
likely it will be ignited, or will heat sufficiently to 
ignite. surrounding matter. Let there be two weak 
spots of 500 ohms each, with a potential of 2,000 volts 
2,000 
1,000 
for aught we know, may be sufficient to cause fire. 

From a practical experience of eight years, I should 
say that an insulation of 10,000 ohms ought to be suffi- 
cient for a 50-light are circuit, as that would permit of 
a leakage of but ‘2 ampére with the 10,000 ohms between 
the points of highest potential, and this quantity of 
current would be very unlikely to cause fire, although 
it might slightly injure the insulation at that point. 
In view of these facts, I have always made it a point 
never to run a circuit on less than 10,000 ohms, unless 
it was a dead ground. 

Although I have always held to this rule of never 
starting a circuit on less then 10,000 ohms, there have 
been occasions when the insulation dropped below that 
point after starting, and it has burned out at the weak 
point. Of course, we have no way as yet of telling 
when an insulation drops below a certain point after 
the circuit has started, but I expect before long we will 
be provided with a device that will indicate this. 

Now, to consider the cost of maintaining the standard 
of insulation : We see from the foregoing that 10,000 
ohms is safe, so far as any danger to life or from fire is 
concerned, but the question arises, is that an econo- 
mical insulation for us? I shall say no; but perhaps 
{ cannot tell why any more than an engineer can ex- 
plain why it is easier to keep his steam at 80 lbs. than 
to let it fall to 75 and then get it back to 80. Our 
80 lbs. is a megohm. Let the insulation drop below 
that and it is hard work to get it back again. As a 
cause for this let us again refer to the 50-light circuit 
of 2,000 volts, and an insulation of 100,000, equally 
distributed. This gives us 100,000 x 50 = 5,000,000, 
the insulation of each space between lamps; 


os = 2,500,000, the resistance to be overcome 


by the leak or eddy current. Two lamps of 


80 
40 volts each would make this leakage 5-500,000 ~ 


0-000032 of an ampére, a very small quantity, but there 


between them, and we have = 2 ampéres, which, 
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are 25 groups of these leaks, the total of which is 
2,000 
100,000 
ampere is constantly straining to enlarge itself. With 
the insulation of the circuit at 10,000 we would have 
10,000 x 50 = 500,000 ohms to each lamp space. 
This divided by two, gives us 250,000 as the path for 


= 0-02 of an ampére, and this 002 of an 


80 
k, and ——___ = (00 i - 
the leak, an B50 0003 as the quantity of cur 
rent flowing through that leak, and with the 25 
2,000 _ , 
groups we have 10,000 = 2 of an ampére; quite an 


amount of current. With the circuit at a megohm, 
and following up the same computations we get but 
‘002 of an ampére as the amount of leakage, which is so 
small as to be of no consequence. 

From all facts, we may come to the following con- 
clusions :— 

First. That if the insulation of a circuit at the lowest 
point is five times the E.M.F., there will be no danger 
to human life. 

Second. That we may consider 10,000 ohms a safe 
insulation for a 50-light circuit, so far as any danger 
from fire is concerned. 

Third. That we find in practice that the higher our 
insulation the more economical it is for us to maintain 
the circuits in running order, and that it is to our 
interest to keep the insulation as high as possible at all 
times. 

Therefore, in establishing a standard insulation for 
electric light circuits, why not place it at five times the 
E.M.F., which, on an arc circuit of 1,000 volts, would 
permit of a leakage of but ‘2 of an ampére— 
1,000 
5,000 
‘1 of an ampére, 


= ‘2—and on an incandescent circuit of 220 volts 


ABNORMAL MAGNETISM FROM ELECTRIC 
DISCHARGES. 


Pror. H. 8S. CARHART, writing in the Electrical World, 
says, referring to the extract from Dr. Lodge’s letter in 
the London Electrician, and the comments on the same 
in the Electrical World of January 12th, it is evident 


. that Dr. Lodge has drawn, conclusions rather hastily 


from his ].eyden jar discharges. There can be no doubt 
whatever of the “abnormal magnetism” in which he 
has no faith. The reference to Prof. Henry’s work in 
1842, contained in the World's editorial note, is quite 
the appropriate one. Henry explained the matter with 
great insight and acuteness. His explanation of abnor- 
mal magnetism will appear all the more reasonable if 
viewed in the light of some investigations of my own, 
to which I may be permitted to refer. 

I have recently shown in the Western Electrician* of 
January 12th that steel rods 6 cm. long and 1°8 mm. in 
diameter are magnetised ordinarily by a discharge, or 
by repeated discharges from a quart jar, in concentric 
layers, and in reverse directions. The resulting mag- 
netic moment is then the difference of the two moments. 
When the external shell of reversely magnetised steel 
is removed by acid the total magnetic moment increases. 
The reverse magnetism usually extended to a depth of 
about one-third the entire magnetised shell. The core 
of these rods in all cases remained unmagnetised. 

_Ifnow very small needles were used, so that the first 
discharge would be more than enough to magnetise to 
saturation, then it is easily seen that the reverse dis- 
charge in the oscillatory movement (perhaps the first 
reverse one) might reverse somewhat more than half 
the magnetism produced by the first direct discharge, 
leaving a resultant reverse magnetisation. It is by no 
means necessary to reverse all of it to show abnormal 


* See ELecrricat Review for last week. 


magnetism externally, as Prof. Henry supposed, so that 
the conditions for obtaining “abnormal magnetism ” 
are more easily reached even than he imagined. 

If Dr. Lodge will remove the external portions of 
his little magnets with acid and measure the magnetic 
moments as they diminish in diameter slowly, he will 
readily convince himself of the existence of reversely 
magnetised shells ; and if he will use small enough 
needles or sufficiently large discharges, he will pro- 
bably conclude not to give up his faith in the teachings 
of the fathers so readily. 

[Following this communication the Electrical World 
gives the experiments of Prof. Henry on this subject as 
they appear in the “Scientific Writings of Joseph 
Henry,” published by the Smithsonian Institution.) 


On Induction from Ordinary Electricity and on the 
Oscillatory Discharge.* 


Professor Henry presented the record of a series of 
experiments on induction from ordinary electricity as 
the fifth number of his “ Contributions to Electricity 
and Magnetism.” Of these experiments he gave an 
oral account, of which the following is the substance : 

In the third number of his contributions he had 
shown on this subject: 1. That the discharge of a 
Leyden battery through a conductor, developed in an 
adjoining parallel conductor an induced current, 
analogous to that which, under similar circumstances, 
is produced by a galvanic current. 2. That the direc- 
tion of the induced current, as indicated by the polarity 
given to a steel needle, changes its sign with a change 
of distance of the two conductors, and also with a 
change in the quantity of the discharge of electricity. 
3. That when the induced current is made to act ona 
third conductor, a second induced current is developed, 
which can again develop another, and so on through a 
series of successive inductions. 4. That when a plate 
of metal is interposed between any two of the con- 
secutive conductors, the induced current is neutralised 
by the adverse action of a current in the plate. 

The direction of the induced currents in all the 
author’s experiments was indicated by the polarity 
given to steel needles inclosed ina spiral, the wire of 
which formed a part of the circuit. But some doubts 
were reasonably entertained of the true indications of 
the direction of a current by this means, since M. 
Savary had announced in 1826, that when several 
needles are placed at different distances above a wire 
through which the discharge of a Leyden battery is 
passed, they are magnetised in different directions, and 
that by constantly increasing the discharge through a 
spiral, several reversions of the polarity of the contained 
needles are obtained. 

It was therefore very important before attempting 
further advances in the discovery of the laws of the 
phenomena that the results obtained by M. Savary 
should be carefully studied, and accordingly the first 
experiments of the new series relate to a repetition of 
them. The author first attempted to obtain them by 
using needles of a larger size, Nos. 3 and 4, such as he 
had generally employed in all his previous experiments; 
but although nearly a thousand needles were magne- 
tised in the course of the experiments he did not 
succeed in getting a single change in the polarity. The 
needles were always magnetised in a direction con- 
formable to the direction of the electrical discharge. 
When, however, very fine needles were employed, he 
did obtain several changes in the polarity in the case 
of the spiral, by merely increasing the quantity of the 
electricity, while the direction of the discharge remained 
the same. 

This anomaly, which has remained so long unex- 
plained, and which at first sight appears at variance 
with all our theoretical ideas of the connection of 
electricity and magnetism, was, after careful study, 
satisfactorily referred by the author to an action of the 
discharge of the Leyden jar, which had never before 


* Proceedings of the American Philosophical Society, Vol. IT., 
pp. 193—196, June 17th, 1842. 
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been recognised. The discharge, whatever may be 
its nature, is not correctly represented (employing for 
simplicity the theory of Franklin) by the single transfer 
of an imponderable fivuid from one side of the jar to 
the other; the phenomena require to admit the ex- 
istence of a principal discharge in one direction, and 
then several reflex actions backward and forward, each 
more feeble than the preceding, until the equilibrium is 
obtained, All the facts are shown to be, in accordance 
with this hypothesis, and a ready explanation is afforded 
by it of a number of phenomena which are to be found 
in the older works on electricity, but which have until 
this time remained unexplained. 

The same action is evidently connected with the in- 
duction of a current on its own conductor, in the case 
of an open circuit, such as that of the Leyden jar, in 
which the two ends of the conductor are separated by 
the thickness of the glass. And hence, if an induced 
current could be produced in this case, one should also 
be obtained. in that of a second conductor, the ends of 
which are separated, and this was detected by attaching 
to the ends of the open circuit a quantity of insulated 
metal,tor by connecting one end with the earth. 
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charge so much diminished, that the power of the first 
current to develop magnetism may be reduced to — §, 
while that of the second current is reduced + 6, the 
magnetic capacity of the needle remaining the same. 
It is evident, then, that the first current will magnetise 
the needle to — 8, and that the second current will 
immediately afterwards neutralise 6 of thie, and con- 
sequently the needle will retain a magnetism of — 2, 
or will indicate an induced current in an opposite 
direction to that of the jar. 

In extending the researches relative to this part of 
the investigations, a remarkable result was obtained in 
regard to the distance at which inductive effects are 
produced by a very small quantity of electricity ; a 
single spark from the prime conductor of the machine, 
of about an inch long, thrown on the end of a circuit of 
wire in an upper room produced an induction suffi- 
ciently powerful to magnetise needles in a parallel 
circuit of wire placed in the cellar beneath, at a perpen- 
dicular distance of 30 feet, with two floors and ceilings, 
each 14 inches thick, intervening. The author is dis- 
posed to adopt the hypothesis of an electrical plenum, 
and from the foregoing experiment it would appear 


| 
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Dynamo. 


The next part of the research relates to a new 
examination of the phenomena of the change in the 
direction of the induced currents, with a change of 
distance, &c. These are shown to be due to the fact 
that the discharge from a jar does not produce a single 
induced current in one direction, but several successive 
carrents in opposite directions. The effect on the 
needle is principally produced by two of these; the 
first ig the more powerful, and in the adverse direction 
with that of the jar; the second is less powerful, and 
in the same direction with that of the jar. 

To explain the change of polarity, let us suppose the 
capacity of the needle to receive magnetism to be re- 
presented by + 10, while the power of the first induced 
current to produce magnetism is represented by — 15, 
and that of the second by + 12; then the needle will 
be magnetised to saturation or to — 10 by the first 
induced current, and immediately afterward all this 
magnetism will be neutralised by the adverse second 
induction, and a power of + 2 will remain, so that the 
polarity of the needle in this case will indicate an in- 
duced current in the same direction as that of the jar. 

Next, let the conductors be so far separated, ur the 


that the transfer of a single spark is sufficient to disturb 
perceptibly the electricity’‘of space throughout at least 
a cube of 400,000 feet of capacity ; and when it is con- 
sidered that the magnetism of the needle is the result 
of the difference of two actions, it may be further 
inferred that the diffusion of motion in this case is 
almost comparable with that of a spark from a flint and 
steel in the case of light. 

The author next alludes to a proposition which he 
advanced in the second number of the “ Contributions,” 
namely, that the phenomena of dynamic induction may 
be referred to the known electrical laws, as given by 
the common theories of electricity, and he gives a 
number of experiments to illustrate the connection 
between statical and dynamical induction. 

The last part of the series of experiments relates to 
induced currents from atmospheric electricity. By a 
very simple arrangement needles are strongly mag- 
netised in the author’s study, even when the flash is at 
the distance of seven or eight miles, and when the 
thunder is scarcely audible. On this principle he pro- 
poses a simple self-registering electrometer, connected 
with an elevated exploring rod. 
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THE HOUSE-TO-HOUSE COMPANY’S 
DYNAMOS AND CONVERTERS. 


In the notice we published a couple of weeks since 
on the opening of the Kensington Central Electric 
Lighting Station, adjoining the West Brompton 
Station of the District Railway, we gave a short 
description of the alternating high tension current 
dynamos to be used in that installation, and also of the 
Lowrie-Hall converter for reducing this high potential 
to a lower but more suitable one to meet the public 
requirements. 

We are now enabled to insert illustrations of these 
machines, one being an external view of the Lowrie- 
Parker dynamo, and the other a similar view of the 
vertical type of converters made by the company. 

It will be unnecessary to enter into details of the 
construction of these transformers, the woodcut, to- 
gether .with our previous remarks, being sufficiently 
explanatory ; it should be noted, however, that the 
same care has been 
taken to _ protect 
human beings from 
accidental contact 
with the terminals 
for the high tension 
wires which has been 
shown throughout 
the apparatus design- 
ed by Mr. Lowrie. 

As on the other 
hand the perspective 
drawing of the dy- 
namo does not ex- 
hibit outwardly any 
essential feature of 
its construction, the 
outer casing conceal- 
ing all the details of 
both field magnets 
and armature, a des- 
cription of its parts 
will not be out of 
place, and will be 
found interesting to 
those readers who 
are unacquainted 
with the particular 
machine. 

The Lowrie-Parker 
dynamo, made _ to 
specification by 
Messrs. Elwell & 
Parker of Wolver- 
hampton, is a mul- 
tipolar alternating 
current machine ca- 
pable of producing 
an output of 100,000 
watts at a speed of 
380 revolutions per 
minute. The mean peripheral speed of the field mag- 
nets passing the armature conductors is nearly 6,000 
feet per minute, and the number of alternations 
10,000, or 5,000 complete phases per minute, the E.M.F. 
being 2,000 volts. 

The armature is stationary, with an iron core of large 
section composed of the very best charcoal iron plates 
insulated from each other, arranged in the same plane 
as the magnetic fields, securely clamped to the frame of 
the machine, and thoroughly insulated therefrom. The 
iron core is in reality a built up ring of soft iron plates, 
but divided horizontally into two parts, the upper half 
lifting off for convenience in getting at the magnet 
coils for repairs and renewals, or for lifting out the 
entire field magnets and shaft. There are no pro- 
Jections on this iron ring, which is the only magnetic 
metal used in the armature. 

The armature conductor coils are formed of narrow 
tape, each wound upon a piece of insulating material 
of the same thickness as the width of the tape, and 
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rounded at the ends. The coils are thus of a flat link 
shape, the edges of the tape windings being exposed 
upon the flat surfaces of the coils, and therefore in the 
best position to resist deflection. These coils are placed 
close together upon the cylindrical inner surface of the 
armature ring, and slightly bent to fit the armature of 
the ring, so that the axis of each coil is radial to it, 
and they are secured to the same by rebated strips of 
wood, screwed to the cheeks of the enclosing fram- 
ing, and extended over the ends of the coils, outside 
the line of travel of the magnets. The strips of wood 
are not absolutely essential to hold the armature 
coils in their place, as the coils with the mica insu- 
lation are self-supporting, but they prevent an 
accidental collapse and afford facilities for the sub- 
stitution of a sound coil in place of one that 
may have become faulty. By this mode of con- 
struction the whole of the conductor, or nearly 
so, is placed in a strong and uniform field of 
force; each turn of the conductor is under 
exactly the same in- 
ductive influence, 
and at the same dis- 
tance from the mov- 
ing poles, and con- 
sequently in the best 
position for effici- 
ency, sagging is pre- 
vented and the clear- 
ance space between 
the revolving mag- 
nets and the stand- 
ing conductors is 
reduced to a mini- 
mum, 

The moving part 
of the machine con- 
sists of a mild steel 
shaft six inches in 
diameter, on which 
is mounted a hub of 
cast iron, to this hub 
is attached a solid 
soft wrought iron 
ring, with radial pole 
pieces securely 
bolted thereto. The 
conductor coils are 
slipped on over the 
poles, the centrifu- 
gal force tending to 
throw them  out- 
wards, being coun- 
teracted by flat ex- 
tension pieces on the 
ends of the poles, 
of sufficient area to 
protect the depth of 
conductor wind- 
ings; these pole 
plates are, of course, 
of wrought iron, and amply secured by two bolts. 
The conductor both of armature and field does 
not at full load carry more than 2,000 ampéres per 
square inch of section. 

The base plate is of strong box pattern, strongly 
ribbed and under-flanged where it bears on the slide 
rails. The frame for supporting the laminated iron 
armature core is cast separate, and firmly bolted to 
planed facings. The plummer blocks for the bearings 
are also cast separate from the base plate, and fastened 
thereto by bolts and lugs and wrought iron 
wedge keys. The two bearings, 20 inches long, 
are jointed in halves on the horizontal centre, 
and fitted with loose brasses, top and bottom. 
The bottom brass is arranged for removal with- 
out lifting the shaft, and yet secured sideways, 
and each bearing is fitted with combined syphon and 
sight-feed lubricators, the ends being provided with 
oil catchers, consisting of a chamber all round the shaft, 
in which the oil is caught and conducted by a passage 
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formed in the plummer block under the brass to a waste 
oil tank or receiver in the base plate, which is provided 
with a drain cock for drawing off the waste oil. 

The side thrust of the shaft is taken by collars, 
forged solid on the shaft at each side of one bearing 
only, and double grooves are cut for throwing the oil 
into the collectors at each end of the main bearings. 

The rings on the shaft for collecting the exciting 
current are insulated from the shaft and from each 
other by ebonite washers. The brushes and holders are 
supported from the base plate; each ring is provided 
with two brushes, each of which is of sufficient section 
to carry the whole of the current from the exciter ; the 
contact pressure is keptup by adjustable springs, and 
each brush is separately provided with a safe and easy 
means of lifting and keeping it away from the ring 
while the machine is in motion. 

The driving pulley, although in the drawing repre- 
sented as being fitted for belt driving, is 40 inches in 
diameter, with seven turned grooves for 14-inch cotton 
ropes. ‘The exciter is driven from a pulley on the 
dynamo by four #-inch ropes. 

Beneath the dynamo slotted rails are provided, in 
which slide the nuts of the holding-down bolts ; the 
rails are fitted at one end with forcing screws for 
tightening the driving ropes. Three sets of these 
dynamos and their exciters have been erected at the 
Kensington Station at West Brompton, and around them 
is constructed a highly insulated platform of crossed 
floorboards set on joists, with bitumen between the two 
sets of boards, and linoleum laid over all ; this platform 
is raised six inches above the floor line. 

On every occasion when we have seen these dynamos 
running, it has been noticed that the armature cores 
were perfectly cool; this, without doubt, arises from 
the armature construction, which the designer, with 
justice, considers to be an improvement on its fore- 
runners, and an advance in the right direction. 


INSULATION MEASUREMENTS AT THE NEW 
PALACE THEATRE AT VIENNA. — 


By Dr. A. VON WALTENHOFEN. 


It has already become widely known, both by public 
journals and in private communications, that already 
during the progress of the installation I was entrusted 
with the duty of thoroughly testing the insulation of 
the electric conductors in the New Palace Theatre at 
Vienna. The immediate inducement was the con- 
sideration that the nature of this structure, consisting 
chiefly of iron, might interfere with the insulation of 
an unusually extensive and complicated net of con- 
ductors. 

On the other hand the well-known misfortune at the 
Court Opera House, though purely due to defective 
steam boilers, and therefore in no connection with the 
electric part of the installation had given occasion to 
the report that the conductors were grossly imperfect, 
and has excited alarm as regards the installation in 
course of completion at the New Palace Theatre. 

Under such circumstances it seemed advisable to have 
the installation thoroughly and systematically proved 
by an independent specialist, so that a trustworthy and 
impartial opinion might be presented, any defects 
might be discovered and at once corrected, and thus a 
satisfactory guarantee for certain and faultless working 
might be obtained. 

Of course the engineers engaged with the installation 
have not neglected to undertake tests of the insulation 
of the various conductors. They have now been 
relieved of this duty by the newly introduced check 
measurements which have been executed with more 
complete and accurate instruments. 

Before discussing the measurements I will premise a 
short description of the installation, for which I am 
indebted to the courtesy of Mr. J. W. W. Melhuish, 


the chief engineer of the Imperial Continental Gas 
Association. 

The central station erected for the illumination of the 
two Court Theatres (the Opera: House and the Palace 
Theatre) lies at a small distance from the latter, at 
No. 10, Schenkenstrasse, in the inner city. It contains 
eight large boilers, which feed as many steam engines, 
five of 130 and three of 170 horse-power. Each of these 
engines is directly connected with one of the eight 
dynamos. Of these eight dynamos three have a work- 
ing power of 250 a. x 400 v. = 100,000 v.-a., and five 
are of 130 a. x 540 v. = 70,200 v.-a. The difference of 
the electromotive force of the machines is due to the 
circumstance that the two court theatres require unequal 
working pressures on account of the difference in the 
arrangement of their accumulators, a difference which 
will soon cease to exist. The central station is con- 
nected with both theatres by underground cables. In 
their cellars are the depéts of accumulators (the largest 
in the world), which form an essential part of the 
system. 

The accumulators in use in the Palace Theatre are 
supplied by the firm Getz & Odendall, of Baumgarten, 
near Vienna, working the patents of Farbaky and 
Schenek and the E.P.S. Company. Each cell consists 
of three compartments and weighs about 300 kilos, 
486 such cells are divided in three batteries, I., 
II., and III. (fig. 1), each of which comprises three 
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series of 54 cells each. There are therefore nine series, 
each of 54 cells. This includes the reserve cells for 
insertion on a decrease of potential, as the decline is 
very trifling in these accumulators which are always 
kept well charged. The connection is effected by 
means of a very ingenious apparatus invented by the 
engineer of the I. C. G. A. 

Battery ILI. serves exclusively for lighting the stage 
(double system of conductors, B). The batteries, I. 
and II., serve to light up all other parts of the house 
(triple system of conductors, A). By means of these 
three batteries alone, without the aid of the machines, 
3,600 lamps of 16 normal candles can be served for 
six hours. 

Three meters, one for each battery, register the 
current supplied. 

As the current leaves the meters it is conveyed by 
strong double cables to the distribution-room, where on 
large connection boards fitted with current-breakers and 
safety appliances the cables are connected to strong 
copper plates, which distribute the current to different 
parts of the building. To the above-mentioned triple 
system (A) of the main circuit there belong 94 such 
cables. These I call distribution cables of the first 
rank. From these there proceed distributive cables of 


the second rank, and from these, again, the conductors - 


to the single lamps, as it may be seen from the figure. 
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The distributive conductors of the first and the 
second rank are partly grouped in triple and partly in 
double systems. The groups of the first rank are 
marked in the figure A,, and those of the second Ag. 

The entire system, about 110 kilometres in length, 
feeds 5,300 glow lamps of from 10 to 40 candle-power, 
and in addition 15 arc lamps for the exterior illumina- 
tion of the theatre and the stage. 

The auditorium, containing a splendid group of 373 
lamps, is lighted with 720 lamps. The ante-chambers, 
corridors, and stairs are lighted with 1,800 lamps ; the 
dressing rooms of the actors and the workrooms of the 
tailors and embroiderers are supplied with 800 lamps. 
The stage is lighted with 1,970 lamps, corresponding to 
50,000 candles. 

An ingenious apparatus supplied by the “ Allgemeine 
Elektricitats Gesellschaft,” of Betlin, admits of the 
production of all the requisite luminous effects, the 
various times of the day, sunrise or sunset, &c. 

The accumulators of the two theatres, which are 
capable of furnishing in case of need the entire light 
requisite without the aid of machines, present the 
public with a security such as no other theatre in the 
world can offer, even in the extremely improbable case 
of a complete cessation or interruption of the current 
from the machines. 

The production of this magnificent, and in its kind 
unique, installation reflects great credit on the I.C.G.A. 
and its engineers, Messrs. Melhuish, Sechehaye, and 
Gardy. 

For the measurements which I have carried out with 
the aid of Messrs. G. Frisch, W. Peukert, and K. 
Zickler, my assistants at the Electrotechnical Institu- 
tion, I made the following arrangements :— 

In the first place, a thoroughly insulated conductor 
was laid down permanently leading from the measur- 
ing rooms on the ground floor, set apart as the place for 
the instruments, through the cellars to a point situate 
as nearly as possible in the centre of the house. This 
point I call the centre of the arrangements for measure- 
ment. From here this conductor was prolonged each 
time to junction with the cable to be examined by 
uncoiling from a portable drum, upon which after use 
it was coiled up again and left lying at the central 
point until the following measurement. ‘lhe entire 
measuring conductor, about 400 metres in length, 
consisted of a fixed and a movable portion. It con- 
sisted of a copper wire embedded in gutta-percha and 
enclosed in a double coating of cotton. 

Along with the conductor just described there were 
two others exactly similar and conveyed immovably 
from the measuring room to the central point, and with 
movable conductors on drums from the central point 
to the point of junction. These conductors served for 
telephonic communication between the measuring room 
and the point of junction. Of the two telephones, one 
was permanently placed in the measuring room, whilst 
the other, forming a portable telephonic station, was 
carried each time to the point required. Attention was 
called by means of an induction bell. 

These three conductors running alongside each 
other were distinguished by the colour of their cotton 
coatings. 

Besides these three conductors there was in the 
measuring room an earth connection in order to allow 
of the intercalations required in measuring the insula- 
tion. Whilst one pole of the measuring battery was 
connected with the copper core of the cable under 
examination by means of the instruments to be 
described below, and the measuring conductor, the 
other pole was led to the earth. 

In many cases, but not always, only a single tele- 
phonic connection was necessary, when it was possible 
to effect, close to the point in question, a connection 
with the earth for the portable telephone. 

As a galvanometer I selected—and with the most satis- 
factory results—Weinhold’s mirror galvanometer. For 
a measuring battery I generally used twelve insulated 
pasteboard elements (Siemens), and in certain cases a 
chloride of silver battery of 50 elements, courteously 
lent by the engineers ofthe I.C.G. A. In fig. 2, & repre- 


sents the galvanometer and B the measuring battery. 
With the aid of the battery commutator, w, either 1, 3, 6, 
orall 12 elements of the battery, could be used at pleasure. 
A commutator, ©, enabled us either to connect the posi- 
tive pole of the battery with the galvanometer, G, and 
the negative pole with the earth, or inversely. The 
second clamp of the galvanometer, G, remained always 
connected with the conductor leading to the cable 
examined, but, at the suggestion of my assistant, Mr. 
Frisch, a safety apparatus was inserted in this conduc- 
tor. By withdrawing a plug, a very great resistance, 
R, could be inserted between the galvanometer and the 
measuring apparatus in order, in certain cases, to pro- 
tect the galvanometer from too powerful currents, of 
which below. 


The galvanometer has the resistance of 960 ohms. 

For comparison I selected the graphite resistances of 
Siemens and Halske, one with 5 x 200,000 = 1,000,000 
ohms, and the other graduated three times at ten 
millions, once twenty millions, and once fifty millions, 
together one hundred millions. 

Preliminary experiments with different parts of the 
measuring battery showed how many degrees of the 
scale the deflection in Weinhold’s mirror galvanometer 
amounted to when a resistance of a million ohms (the 
graphite resistance first mentioned) was introduced 
into the circuit. Lets be the number of degrees read 
off and n the number of the elements used. If another 
time on introducing an insulation resistance to be 
measured, 7, we observed the degree s’ on employing #’ 
elements, we have the resistance 

8 


10° ohm. (1) 


that is megohm. 
n 8 

Of.course the measuring battery which had to be 
renewed from time to time did not always act alike, 
and consequently these preliminary experiments for 
the evaluation of a degree of the scale had to be re- 
peated before eaeh series of experiments. 

For the better oversight we shall here confine our- 
selves to average values in round numbers. An element 
of the measuring battery with a graphite resistance of 
one million ohms produced a deviation of nearly 4° of 
the scale. As on the one hand we can estimate tenths 
of a degree, and as on the other hand we had twelve 
elements at disposal, it was practicable to measure, or 
at least to estimate resistances up to an upper limit of 
40 x 12 = 480 million ohms. If an insulating resist- 
ance was so great that no decided deviation on the 
scale could be perceived on using the entire battery— 
as it was often the case—it could be assumed that the 
resistance must exceed 480 megohms. 

As on the other hand the scale of the galvanometer 
extends to 50°, such a deflection on using a single 
element corresponds to the smallest resistance which 
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can be measured with this apparatus. According to 
the above formula if amounts to 80,000 ohms or 0°08 
megohm. 

Conductors whose resistance fell below this limit 
were examined with Siemens and Halske’s “ insulation 
tester.” This consists of a magneto-electric induction 
apparatus with a crank, to which is appended a vertical 
galvanometer, showing on its empirical scale the resist- 
ances which must be inserted in order to effect a given 
deviation for a certain number of rotations of the 
crank per second. With this apparatus resistances may 
be measured down to 10,000, certainly only very ap- 
proximately, and an “ earth” contact can be detected, 
because in its presence the finger of the galvanometer 
on a slow rotation of the crank passes far below the 
wnark 10,000, and even strikes on the frame of the 
galvanometer. 

If it is required to measure with greater accuracy 
resistances below 0:1 megohm, I adapted a suitable 
by-circuit to Weinhold’s mirror galvanometer. This 
arrangement was used subsequently in determining 
the insulations of entire groups after connection with 
the switch boards and with the lamps. 

Single conductors which showed a resistance falling 
below 0:1 megohm were entered in the day-book as 
insufficiently insulated, and pointed out to the engi- 
neers of the I.C.G.A. for careful inspection and 
amendment. This was the case with conductors in 
which electromotive forces—probably occasioned by 
moisture—were distinctly perceptible. The same was 
done with conductors which showed a resistance too 
high to be measured, and which, as long as the length 
of the conductor was unknown, gave suspicion of an 
interruption. 

In each measurement one element only was intro- 
duced at first in order to avoid injury to the galvano- 
meter, or too great a deviation in case of an earth 
contact, or of an insufficient resistance. This end was 
more fully answered by the above-mentioned protective 
resistance, R (fig. 2), which amounted to 1 megohm. 
If with one element there appeared a deviation far 
below 4° of the scale, or no measurable deviation at all, 
the protective resistance could be removed by means 
of the plug, a, and the measurement continued with a 
gradually increasing number of elements as required. 

: (To be concluded.) 


NOTES. 


Electric Lighting at Okehampton.—The little moor- 
land town of Okehampton, near Exeter, is “showing 
the way” to her bigger neighbour in the matter of 
electric lighting. Private enterprise has been at work 
in consequence of the somewhat exorbitant charges of 
the local gas company, and several business establish- 
ments are now illuminated by electricity. The effect 
of the new departure has been truly electrical, so far 
as the gas company is concerned. Originally gas was 
5s. 10d. per 1,000 feet, and this charge was reduced by 
10d. on the threat being made to introduce “ the light of 
the future.” The execution of the threat brought 
down the tariff another 10d., and if, as it is stated, the 
consumers of electricity at Okehampton find that elec- 
tricity is in reality cheaper than gas, further consider- 
able reductions may be anticipated. 


The Value of Competition.— The Corporation of 
Cheltenham having determined to light the streets of 
that borough with electricity, by way of experiment, 
the directors of the local gas company have decided to 
reduce the price of their commodity from 2s. 8d. in the 
town and 2s. 11d. in the suburbs, to the uniform price 
of 2s. 6d. per thousand feet. 


An Ice Carnival.—A Jarge number of distinguished 
persons have given their names as patrons and 
patronesses of the Ice Carnival to be held at the Royal 
Albert Hall in March. Arrangements are being made 
by Mr. Whiteley, the director-general of the Carnival, 
to light the Albert Hall with electric light. 


Londonand the Electric Light,—At the last fortnightly 
meeting of the St. Martin’s-in-the-Fields Vestry the 
consent of the Vestry was given to the application to the 
Board of Trade for a provisional order by the House- 
to-House Electric Lighting Company.—At the fort- 
nightly meeting of the Chelsea Vestry the Works and 
General Purposes Committee reported that they had 
considered the letter from the secretary to the Chelsea 
Electricity Supply Company, applying for permission 
to lay down in Sloane Square, part of Pavilion Road, 
and part of Draycott Place, in the same trench as 
would be excavated in the streets for laying down the 
electric underground mains of the company, an iron 
pipe to convey water from the Sloane Square Railway 
Station to their central lighting station in Draycott 
Place ; and recommended the Vestry to accede to the 
application. The recommendation was adopted. 


Hissing Arcs at Glasgow.—At the last meeting of the 
Glasgow Town Council, Mr. Ure Primrose called atten- 
tion to a paragraph in the Bazaar Committee minutes, 
in which complaints were made regarding the hissing 
noise proceeding from the electric lights in the City 
Hall while concerts were being held. The committee 
proposed to obviate the cause of complaint by the pro- 
curing of a newspare lamp at a cost ofabout £10. He 
held that it was a great nuisance to the artistes per- 
forming, and he had no hope of a remedy until the 
system of lighting by the arc light was abandoned, and 
the incandescent system put in, or a return was made 
to the much maligned gas. 


Electric Light in Ballrooms.—The ¢clat of the ball 
given at Wentworth Castle last week, in honour of 
Prince Albert Victor, who was on a visit to Mr. T. F.C. 
V. Wentworth, was greatly enhanced by the efficiency 
and brilliancy of the electric lighting, which has been 
in operation in the mansion for two or three years. 
This installation, which is under the supervision of Mr. 
Charles Parkin, consists of two Marshall’s (nominal) 
10 H.P. high-pressure engines, with dynamos supplied 
by Crompton’s, and Edison and Swan 16 C.P. incandes- 
cent lamps. Of these lamps there are over 500, which 
are distributed in 12 circuits : 5 for the exterior, 7 for 
the interior. Outside the house there are 98 to light 
the farm buildings, grounds, stables, carriage houses, 
steward’s residence, laundry, &c. Inside the house 
there are 410 lamps, of which more than 100 are fitted 
in the picture gallery, which is also the ballroom, and 
24 are in the dining room. The remainder are distri- 
buted among the other rooms, in numbers varying from 
one to six per room. Asarule only about 100 lamps 
are in use, but during the Royal visit at least 400 were 
lighted every evening ; and on the night (Wednesday) 
of the ball the whole system was put on, with striking 
effect. On the previous Monday the lamps were kept 
running from half-past four to about twelve o’clock. 
On Tuesday morning the system was in operation from 
half-past five o’clock in the morning until nine, and com- 
mencing again in the evening at half-past four went on 
until twelve o’clock again. Commencing at two o’clock 
on Wednesday morning, the lamps were kept going till 
nine. The engines commenced thus early on account 
of the returning of the guests from the ball at Cannon 
Hall. In the evening they started once more at half- 
past four and ran till half-past four on Thursday morn- 
ing. The extra running was caused by thedance. The 
engines then stood an hour, and commencing at half- 
past five ran on till nine. On Thursday evening they 
commenced at half-past four, and went on until nearly 
two o'clock. This is said to be one of the best private 
installations in the country. 


Ship Lighting.—Messrs. Caird & Co., Greenock, have 
launched a splendid steel screw steamer of 3,400 tons 
gross, for the Peninsular and Oriental Steamship Com- 
pany. As the vessel left the ways she was named 
Bombay. She has been built to Lloyd’s three-deck 
rules for 100 Al class, and will be fitted with the most 
modern improvements, including the electric light. 
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Halifax and the Electric Light.—At the quarterly 
meeting of the Halifax Town Council, held on the 6th 
inst., a communication was read from Mr. M. Holroyd 
Smith in connection with the Anglo-American Brush 
Electric Light Corporation and the Schmidt-Douglas 
Electric Company, Limited, with reference to lighting 
by electricity. The letter was dated January 28th, and 
was as follows :— 


Dear Sir,—I beg to confirm the verbal proposal made to you 
respecting establishing the electric light in Halifax, namely, 
that if the Corporation would be good enough to accord me 
their undivided support, I am prepared to apply to Parliament 
for the necessary orders under the Acts of 1882 and 1888, to 
purchase or lease the land required for a central station, and be 
at the entire cost of the installation, including buildings, 
engines, dynamos, instruments, overhead distributing wires, 
transformers or batteries for the houses and shops with wires, 
lamps, &c., and to supply the electricity to users by meter at 8d. 
per unit (which is equivalent to gas at 4s. per thousand). In 
order to secure a sufficient number of users to warrant the large 
outlay necessary for a successful enterprise, it is further asked 
that the Corporation light the public buildings, such as the Town 
Hall, the Library, Bank Field, &c., and should the number of 
glow-lamps exceed 1,000 a special liberal discount would be 
allowed ; further, that the streets be lighted by arc lamps of, say, 
2,900 candle-power, to be erected and maintained at a rental of 
£27 per lamp per annum, the number of lamps to be not less than 
twenty-five, distributed as the Corporation may think fit. If the 
Corporation favourably entertain my proposal, and a sufficient 
number of users undertake to adopt the light, Iam in a position 
to commence operations at once.—I am, yours respectfully, 

M. Hotroyp Smiru. 


A second letter was read from Mr. Holroyd Smith 
referring to the contemplated enlargement of the gas- 
works, and asking the council to defer any project of 
that kind in order that electric lighting might havea 
fair trial. Letters were also read asking the Corpora- 
tion to countenance rival projects from Messrs. Blakey, 
Emmott & Co. and Mr. J. R. Smitb. On a suggestion 
by the Mayor, the whole matter was referred to a special 
committee. 


Electric Lighting in Finland—In Helsingfors, 
Finland’s flourishing capital, all the principal hotels 
and most of the recently-constructed houses are pro- 
vided with the electric light, and it is projected to 
give up gas and use electricity for lighting the harbour, 
quays, &c. At Zammerfor, the “Birmingham of the 
North,” the Thomson-Houston International Electric 
Company has lately introduced its system with great 
success in the manufactories and workshops of the 
place. 


Brussels and Electric Lighting.—The establishment 
of an electricity supply service for Brussels has for a 
long time been on the éapis. It is said to be the in- 
tention of the authorities to call for tenders, so that 
early in the year a definitive proposition may be made 
to the council. The programme will be discussed by 
the special committee appointed for that purpose. 
According to this programme the distribution of 
electricity will be applicable to all purposes, at least to 
lighting and motive power. Entire liberty will be left 
to those tendering as to to the choice of system. If the 
works be made for high tension currents it could be 
established either at the gas works (situated 3,000 
métres from the boulevards), or in any other suitable 
position. All the installations at the works will be so 
disposed that the production can be doubled without 
purchasing extra land. Among the first extensions 
the authorities provide for the public lighting of the 
interior boulevards, the lighting of the Théatre Fla- 
mand, Rue de Hacken, the electric lighting of the 
Pare, &c. The caution money to be lodged will 
be equal to a tenth of the amount of the enterprise. 
The forms of tender will indicate the power and 
type of motor, the form and type of dynamos, 
the industrial yields, the number of revolutions, the 
mode of transmission, and the names of the constructors. 
There will also be furnished a detailed estimate of all 
these installations. Other things being equal, pre- 
ference will be given to the products of Belgian 
industry. 


Electric Lighting at Windsor Castle,—It is stated 
that at length Her Majesty has adopted the electric 
light in Windsor Castle. This probably means that an 
extension of the system has been ordered, for two years 
ago there was a partial installation in operation at the 
Castle. This was applied only to the private terraces 
and some of the offices, for the Queen has always been 
averse to any light in her own appartments save that 
of candles, just as she will not tolerate coal but uses 
logs of wood, the supply of which is both systematic 
and extensive. It now seems probable that Her 
Majesty has resolved to supersede candles by electricity, 
hence the installation now announced. This step will 
probably stimulate the introduction of this light in the 
town generally—and there are few boroughs more in 
need of a good illumination than Windsor. 


The Leamington Lighting.—Leamington will shortly 
know the electric light no more. That is, as far as the 
Parade and principal streets which have recently been 
lighted by electricity are concerned. The Town Council 
has given notice to Messrs. Chamberlain and Hook- 
ham to terminate the contract on January 17th, 1890, 
and the contractors have responded by announcing their 
willingness to terminate the lighting at an even earlier 
period—March 25th or June 30th next. Bray’s or 
Sugg’s gas lamps are to replace the electric light, and a 
very unpleasant episode will come to an end. Asa 
result of the folly of trying to light. streets by means of 
incandescent lamps, we shall for a long time to come 
have Leamington pointed out as an instance of the 
triumph of gas lighting over electric lighting. 


Electric Lighting of Rope Works.—The new build- 
ings which have been erected by the Hull Ropery 
Company, Limited, in place of those destroyed by fire 
a short time since, have been fitted up throughout with 
electric light, by Earles’s Shipbuilding and Engineer- 
ing Company, Limited. The electric light installation 
consists of engine and dynamo for 215 lights. The 
engine is of the horizontal type, of 14 (nominal) horse- 
power, and drives the dynamo direct with a belt. The 
dynamo is a Phcenix compound-wound self-regu- 
lating machine of the slow-speed type, the electro- 
motive force being 100 volts. The armature of this 
machine is made hollow, so as to prevent heating, the 
machine when running with full load shows no spark- 
ing at the brushes whatever. ‘The cables and wires are 
by the Silvertown Company. The lamps are Edison- 
Swan. The ropewalk, which is 330 yards long, is 
also lit with the electric light. 


Electric Lighting in Cornwall,—It is understood that 
the electric light is to be extended to more of the 
principal streets of St. Austell during the summer 
months, in readiness for the winter of next year. 


Light for Galway.—Tenders are invited for lighting 
the harbour of Galway by gas, electricity, or other ap- 
proved illuminant, for the Galway Harbour Commis- 
sioners. Sealed tenders, endorsed * Tenders for Light- 
ing,” must be received by the secretary, Mr. R. 
Stephens, Harbour Commissioners’ office, Galway, by 


_ 3 p.m. on March 7th. 


Royalty and the Telephone.—We understand that 
Her Majesty the Empress Eugenie has just had an 
electric telephone fixed at her palace at Farnborough. 
The work was entrusted to Mr. H. M. Julian, electrician, 
of Basingstoke. 


The Telephone in Mull.—By resolution at a public 
meeting, presided over by the Mayor, the people of 
Hull have decided to urge the National Telephone 
Company to extend their system to that town. 
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Professor Jamieson’s Paper.— The regret pre- 
dicted by “One of These” regarding the tone of 
our leader on ProfeSsor Jamieson’s paper has not 
come to hand. From what we have gathered, the 
article generally met with approval, the paper being 
generally considered a failure as regards leading to 
practical results. It has been calumniously remarked 
that nothing short of a surgical operation is required 
to get a joke into a Scotchman; but our. readers will 
perceive, from the letter of “ One of These” in our last 
issue, that no such operation is required to get a joke 
out, as witness that superb witticism regarding the 
stock of testers to be kept on hand for potentials of 

1,000 volts and upwards. We are no advocates of rule 
of thumb methods, far from it ; but testing in this in- 
stance is to be considered only as a means to secure 
safety, and we repeat that the Admiralty test, rough 
though it be, is perfectly reliable for fixing the inferior 
limit of the insulation resistance. We adhere to all we 
said in our article, and consider it unnecessary to 
reiterate the argument here, though for the benefit of 
our correspondent, who does not seem to have grasped 
our meaning, we sum up thus :—By the Society of 
Telegraph Engineers’ rule, the percentage of leakage is 
supposed to be constant for all voltages ; by Jamieson’s 
rule it is supposed to increase, for a given number of 
lamps, with the volts. As a matter of fact, since the 
insulation of the circuit, as far as dynamo, fittings, 
lampholders, switches, &c., are concerned is in practice 
the same for 50 volts as 110, neither of these rules 
holds, and the percentage of current increases as the 
square of the volts. We say it is impossible to make 
the insulation resistance a function of the volts, and 
therefore we ought to fix, as the Phoenix Fire Office 
does, an inferior limit which shall be the same for all 
voltages. We allow it would be very good on the part 
of the leakage current to be guided by Prof. Jamieson 
and others who write rules, but it can’t, for the laws of 
nature are against it ; and that, to our mind, settles the 
matter. The Phoenix Office is quite correct in counting 
lamps taking different currents as similar, and a little 
reflection should make this evident to our correspon- 
dent. 


The Telephone in Austria.—Following are some 
interesting extracts from a letter received by the 
Telphone Company of Austria from its manager in 
Austria, Mr. R. Howard Krause: “In Czernowitz we 
have bad a constant fight with the ice this winter. 
Ever since the New Year heavy damp fogs have come 
up the Pruth valley, the thermometer standing at 
12:15° Reaumur in Czernowitz; the result was that 
pure crystal ice up to over }4 an inch in thickness was 
formed on the wires. We have so far succeeded in 
preserving the lines, never more than ten broken, which 
were at once repaired by the permanent staff in spite 
of the cold. Of course the heavy weight on the wires 
made many contacts, but we have managed up till now 
to keep matters going. In Graz we once had great 
danger from snow. The soft damp snow so dangerous 
to lines began falling at night. Here our instructions 
worked well again. Two town night watchmen receive 
annually a small sum, and have the duty of informing 
our superintendent of storms of this specially dangerous 
snow. Thus within half an hour our men were out at 
all the dangerous spans knocking off the snow, and we 
succeeded in getting through that night and the next 
day with but one wire broken, and with an extra cost 
of about 10s. only for hot drinks for the men.” The 
number of telegrams which passed through the hands 
of the company ‘during 18838, in connection with the 
Austrian Government Telegraph Service, was 110,843. 


The Channel Cables.—The Central News is enabled 
to state on the best authority that the English and 
French Governments have failed to arrive at an agree- 
ment respecting the purchase of the Anglo-French 
cables from the Submarine Telegraph Company. At 
the time when the British Government decided de- 
finitely not to renew the concession to the Submarine 


Telegraph Company it was understood that the two 
Governments should purchase the cables of that com- 
pany at a valuation, and it is alleged that a promise 
‘was given by the British Treasury to that effect. The 
French Government, however, is now objecting to the 
purchase of these cables upon any terms, on the ground 
that they are too old for satisfactory working, and that 
it would be preferable to lay new and better cables. Mr. 
W. L. Jackson, M.P., of the Treasury, and Mr. Patey, of 
the General Post Office, went to Paris recently, and 
had prolonged conferences with M. Coulon, Minister 
of Posts and Telegraphs, on the subject, but without 
altering the opinion entertained by that gentleman. 
Since these conferences in Paris, M. Coulon has sent 
engineers from France to inspect and test the submarine 


plant and cables in conjunction with the English Post 


Office engineers. A thorough examination was made 
at Dover, as well as at East Dean, near Eastbourne, and 
as a result of those investigations, it is stated that 
reports have been forwarded to Paris, which are by no 
means favourable to the purchase of the submarine 
cables. It is believed that the British Government will 
yield to the wishes of France in this matter, and that 
entirely new cables will be constructed for working 
between the two countries. It is somewhat significant, 
too, that although an agreement has been signed by 
Belgium and England for working the Anglo-Belgian 
cables, these have not yet been bought, nor has the 
British Treasury made any offer for them. It is pro- 
bable that if new cables are laid between England and 
France, they will also be laid between England and 
Belgium. This new development of affairs is a hard- 
ship upon the Submarine Company, but it is difficult to 
see how, in face of the determined opposition of France, 
the cables of that company can be purchased by 
England. 


Anglo-German Cables.—A Times telegram from 
Berlin, dated February 8th, says :—‘ In the Reichstag 
to-day Herr von Stephan, Postmaster-General of the 
Empire, stated that he had a gratifying communication 
to make with respect to the telegraphic intercourse 
between England and Germany. Hitherto, said his 
Excellency, there had been no direct connection between 
the telegraph systems of the two States, owing to the 
fact of the submarine cables being in the hands of 
private companies. But the concessions of these com- 
panies having lately expired, the two Governments took 
over the respective cables, with all their local belong- 
ings, and at the same time negotiations were entered 
into with Belgium and Holland, so that from April Ist 
next direct communication between Germany and 
England would be available by means of 14, instead of, 
as hitherto, only 8, lines, while at the same time the 
tariff for transmission would be considerably reduced. 
Hitherto, for example, the tariff to England had been 
20 pf. per word (or a little more than 2d.), with a 
Grundtaze, or initial charge, of 40 pf., but this latter 
was now to be abolished altogether, while the word 
tariff would be reduced from 20 pf. to 15 pf. Thus, 
for instance, a telegram of 12 words to England (and 
contrariwise I suppose his Excellency meant), which 
now cost 2 m. 80 pf., would in future be sent for 
1 m. 80 pf., implying a saving of about 1s. on so short 
a message. “This gratifying result,” said the minister 
in conclusion, “we owe to the hearty co-operation of 
the English Government with that of Germany, and to 
the energy and intelligence of the higher telegraph 
officials in London and Berlin.” His Excellency’s 
statement was received with cheers. 


Monopolies in America.—The New York Herald 
(London edition) of Wednesday contained cable intelli- 
gence from America to the effect that the Westinghouse 
consolidation was completed on the previous day by 
the absorption of the United States Electric Light Com- 
pany, and that the Westinghouse and Edison Companies 
will now settle their differences and farm the country 
between them. 
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Meters Wanted.—The Corporation of Bradford re- 
quires meters for the supply of electricity to private 
consumers, and is prepared to receive communications 
from makers of such instruments. Details and par- 
ticulars of the requirements may be obtained on appli- 
cation to Mr. James N. Shoolbred, electrical engineer 
to the Corporation, either at the Town Hall, Bradford, 
or at 3, Westminster Chambers, London, S8.W. 


Improved Method of Crossing Electric Light Leads, 
—Mr. Bathurst, the writer of a letter in our correspon- 
dence columns last week, has sent us a sample of an 
arrangement for carrying one lead over another with- 
out risk of contact. It consists of a semi-circular 
wooden block provided with a groove, which .he has 
designed and patented, which carries one wire an inch 
or two above the casing containing the other wire, thus 
interposing between the wires at the crossing place, an 
inch or more of wood, according to the size of the leads. 
The crossing is finished off with a cover, uniform with 
the rest of the casing. By this system the same dis- 
tance is always maintained between the positive and 
negative leads, and the process of erection is simplified, 
no grooving nor measuring being necessary. The main 
casing being put up permanently and the branches 
joined on at the exact spot required, it takes far less 
time to fix the block, and no dirt is caused. The in- 
sulation is of course improved, and if the block be 
fitted with porcelain fuse plates it forms the neatest 
fuse possible, and at the same time is in the most cor- 
rect position for a fuse. , 


Marbline.—A very successful imitation of marble 
has just been brought out, and at the Acme Electric 
Works it is being largely used for bell pushes. It is 
called marbline, and possesses the valuable property of 
not being brittle or liable to break or split. It takes 
any colour and bears a very high polish, while the screw 
thread upon the pushes is clean and perfect. 


Electrical Progress. — The greatest progress evi- 
denced in any of the applications of electricity is 
in its employment for lighting purposes. The number 
of towns using it for the illumination of the 
streets is daily augmenting ; all the principal steam- 
ship lines employ it for the lighting of their vessels, 
in mines it has established its superiority, manu- 
factories and business houses universally make use 
_ of it, and in theatres it is becoming from day to 
day more general. In Spain, a law has been passed 
compelling the employment of electric lighting in all 
theatres. In England, the Lighting Act of 1882 has 
been amended in a sense favourable to electric lighting, 
the duration of concessions being prolonged from 21 
years to 42. The importance attached to electrical 
questions in Great Britain is shown by the formation, 
in the London Chamber of Commerce, of a section dedi- 
cated tq the various branches of electrical! industries. 


Electrical Navigatiou.—Electricity has been directed 
to a purpose which may some day assume important 
proportions, that is, the navigation of submarine vessels. 
Experiments now being carried on in France upon the 
Gymnote, and. in Spain with the Peral, would appear 
to indicate a certain measure of success. This is, 
— a thorough realisation of the dream of Jules 

erne. 


Electrical Transmission of Power.—In one of its 
most important applications, electricity has, up to 
the present, failed to fulfil the expectations raised by 
the earlier experiments. This is the transmission of 
power. It appears, indeed, that since the brilliant 
commencement made by this industry, and with tho 
exception of a few successful applications, notably in 
Switzerland, it has remained stationary. Asan example, 
the prize of 3,000 francs, offered several years ago by 
the French Academy of Sciences for a paper on the 
transmission of power by electricity, has been with- 
drawn, no paper of sufficient merit having been 
received. 


The Ironclad Electric Bell,—An electric bell, to 
which the name of “ Ironclad ” has been given, is being 
introduced to the trade by the proprietors of the Acme 
Electric Works. It is exceedingly sensitive, and will, 
with one small Lechanché cell, ring through a quarter 
mile of 22 B.W.G. wire. It is designed upon the most 
simple lines, and in the fewest possible parts, the whole 
being enclosed in a japanned iron’ cover, rendering it 
dust proof, and therefore specially suitable for offices, 
warehouses, halls and passages. 


Board of Trade Licences,—Mr. Radcliffe Ward seems 
confident that the licence which he holds for his elec- 
trical omnibus is sufficient warrant for his running the 
vehicle on the public roads. We fear that he is mis- 
taken. The licence, as we take it, is a mere acknow- 
ledgment that he has paid the excise duty of two 
guineas demanded under the Customs and Inland 
Revenue Act, 1883, for all carriages having four or more 
wheels, and drawn or propelled by mechanical power. 
There is nothing in the Customs and Inland Revenue 
Act to override the Highways and Locomotives 
(Amendment) Act, 1878, section 29 of which lays down 
that :—“ One of such persons, while the locomotive is 
in motion, shall precede by at least twenty yards the 
locomotive on foot, and shall in case of need assist 
horses, and carriages drawn by horses, passing the 
same.” “ Locomotive” in this Act means “a locomo- 
tive propelled by steam or by other than animal 
power.” While the above clause stands and is enforced, 
electrical omnibuses will, of course, be rendered 
useless. Torun them in competition with the horse- 
drawn omnibuses, which do not need to be preceded 
by a man on foot, will be farcical. And it will scarcely 
do to ignore an Act of Parliament altogether ; if powers 
exist, someone or other is pretty sure to put them in 
operation sooner or later. We shall be glad to find that 
we are mistaken in our views, and that no such 
embarrassing restriction exists ; but we fear that it is 
not the simple matter some people think to put electri- 
cally-propelled vehicles straightway on to our streets. 


Firemen and Overhead Wires.—At a meeting of the 
Boston aldermen, October 8th, a committee of three 
was appointed to report on the best way to protect 
firemen, when in the discharge of their duty, from 
being injured by overhead electric light wires, and 
about a month later the committee was authorised to 
visit New York and other cities. Its report states 
that it is perfectly feasible to put all heavily charged 
wires underground. The matter was referred to the 
present city government, and another excarsion will 
be required to instruct the new members in the most 
approved methods of underground work, pipe laying 
and wire pulling in favour in other cities. 


Navigable Balloons.—A second edition is jast pub- 
lished of General W. N. Hutchinson’s pamphlet, “ The 
Navigable Balloon in Peace and War.” ‘The recent 
invention of a light motor encourages the author to 
believe “ that the building of large navigables will soon 
be commenced, and that the time fast approaches when 
vast savings will be effected in many countries, as iron- 
clads yield the palm to unassailable navigables carrying 
annihilating explosives, and as the utility becomes 
generally admitted of forming large camps apparently 
doomed to be easily dispersed.” 


America and Persia.—According to a Standard 
telegram from New York, Mr. Frank A. Clergue has 
petitioned the Legislature of Maine for charters for the. 
Bank of Persia and the Persian Railway Company to 
work commissions for railways, telephones, telegraphs, 
electric lights, &c. It is reported that the necessary 
concessions have been obtained from the Shah through 
the American Minister at Teheran, Mr. Pratt. Mr. 
Clergue is now in Persia, and has associated with him, 
it is said, men of wealth, position, and experience. The 
line firat to be constructed willrun from Teheran to the 
Persian Gulf, and its equipments will be exported from 
the United States. 
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The Art of Photometry.—For childlike and bland 
methods of procedure, nothing has more commended 
itself to us than the tactics adopted in testing the candle- 
power of the incandescent Jamps in Barnet. The local 
authorities were desirous of ascertaining whether they 
were getting the amount of light guaranteed by the 
contractor, viz., 32 candle-power per lamp, and for this 
purpose Mr. W. H. Preece was engaged. The meeting 
of the Barnet Local Board, as described in the Barnet 
Press of Saturday last, resulted in a highly edifying 
description of the modus operandi. It appears that the 
expert in photometry found it necessary to inform the 
contractor when his measurements were to be taken, 
and, as Mr. James truly remarked, of what value is a 
report under such conditions? By overrunning, the 
lamps may be sent up to any candle-power short of 
breaking the filaments, and naturally the contractor 
would strain every nerve, and his dynamo too, to 
have the lamps well up to specification at a given hour. 
Why did not the expert go down, as we have done on 
several occasions unknown to anybody, and make 
his tests there and then? We say again, as we 
have done previously, that the lighting of Barnet by 
electric lamps was, in our judgment, no better than the 
illumination produced by ordinary street gas jets, and 
the absurdity of paying any heed to reports sent in 
under such conditions as we find stated in the Barnet 
Press needs no further comment. If, however, the 
results are ever made public, we will venture to assert 

* that the lights will be found to vary 100 per cent. 
amongst themselves. It is, however, satisfactory to 
observe that Mr. James and several of his colleagues 
on the board are not blind to the little farce which is 
being played. The whole history of this unfortunate 
—s can only be likened to the “ Comedy of 

rrors. 


The Birmingham Exhibiton.—The arrangements 
for the electrical and industrial exhibition, an- 
nounced to be held in Bingley Hall, Birmingham, 
during the months of July, August, and Sep- 
tember, are being pushed forward vigorously, and 
there is every prospect of an interesting show. One 
novel feature will be that all the moving machinery 
in the building will be worked by electricity. It is 
also intended to have a complete display of electric 
lighting upon all known systems and combinations, 
working in series and parallel, direct and through trans- 
formers, and also of all systems for electric transmis- 
sion of power. Those who remember the characteristic 
local exhibition held in the Bingley Hall when the 
British Association last met in Birmingham, will have 
a good impression of what the Midland people could 
accomplish by themselves ; and as in the present case 
they are appealing for exhibits from all quarters, it may 
be reasonably concluded that the result will be a 
decided success. 


The Discoverer of “ Ohm’s Law.’’—The centenary of 
the birth of George Simon Ohm, which takes place on 
the 16th of next March, is to be velebrated by the erec- 
tion of a statue of him in Munich, the capital of his 
native State. To Ohm is due the discovery of two of 
the most fruitful principles in mathematical physics— 
the law of the relation between the strength of an 
electric current and the electromotive force acting in 
the conductor, and the law as to the way in which 
complex musical sounds are perceived by the ear. 


Electric Smelting of Aluminium,.—Mr. F. J. Jones, 
writing to Engineering, says: It may interest those 
engaged in the production of aluminium to know that 
electric deoxidation of alumina is not a recent dis- 
covery. On page 37, “Townsend’s Manual of Dates,” 
edition 1862, is the following: “ Aluminium, one of 
the most abundant metals in nature, being the metallic 
basis of alumina or pure clay, was first discovered in 
1828 by Wéhler, who freed it from its combination 
with oxygen by electric means, and obtained it in 1846 
we decomposing chloride of alumina by means of 

ium.” 


The Electro-Harmonic Society.—For the “ Ladies’ 
Night” of next Friday an attractive programme has 
been prepared. The vocal powers of Madame Isabel 
George and Miss Lena Law are too well known to need 
comment, and in Miss Elieson, the daughter of a gentle- 
man well known in electric traction circles, we have a 
violin player of super-excellence. This young lady is 
a professional student at the Royal College of Music, 
and is, we believe, considered the leading scholar there 
for the violin, and she gives every promise of becoming 
another Madame Norman-Néruda. To lovers of the 
piano we can also promise a treat in the performance of 
Mr. Alfred Izard. 


Laxton’s Builders’ Price Book.—In the new edition 
of this annual several pages are devoted to the cost of 
electric lighting, the new matter being chiefly explana- 
tory of the system of distributing from central stations 
current of a high tension, to be used by the consumer at 
a low tension, after passing through either accumulators 
or transformers. The prices of machines show in some 
cases a considerable reduction as compared with last 
year. A good deal of information of a reliable kind is 
given in small compass. 


Drake and Gorham’s Catalogue.—A new issue of 
Messrs. Drake and Gorham’s catalogue of electrical ap- 
paratus contains particulars of several novelties, in- 
cluding their patent disc ammeter, which is described 
as possessing advantages over other instruments, inas- 
much as the deflection is not affected by currents in 
neighbouring wires. The scale is large, and can be 
seen at a distance, and recalibration is not required. 
Attention is called to the electrical instruments patented 
by Captain Philip Cardew, R.E., which are now sup- 
plied by Messrs. Drake and Gorham, who have pur- 
chased the patent rights. The firm has just issued a 
copyright code of instructions as to the erection and 
management of accumulators calculated to solve all the 
difficulties that are likely to arise in the use of these 
batteries. The directions are plain, concise, and com- 
prehensive. 


Institution of Electrical Engineers.—A students’ 
meeting of the above institution was held on Friday 
evening, February 8th, Mr. J. Rance, jun., Asssociate 
Institution of Electrical Engineers, in the chair. A 
paper was read by Mr. 8. L. Horn on “ Insulation resist- 
ance, and some of the practical difficulties in obtaining 
good insulation on electric light circnits.” A discussion 
followed, in which Messrs. G. H. Nisbett and R. W. 
Paul took part, after which Mr. Rance made a few 
remarks, and a vote of thanks to him closed the pro- 
ceedings. 


Date Remembrancer.—Messrs. W. H. Willcox & Co. 
have sent us a copy of their Date Remembrancer for 
1889, which appears to be a useful calendar for hanging 
in the machine room, reminding one, as it does, not 
only of dates, but of the specialities of the firm in the 
way of dynamo oil and other engineers’ requirements. 


Executions by Electricity—The committee of the 
Medico-Legal Society appointed to consider the best 
method of executing the death penalty by electricity 
has made a supplementary report giving the results of 
the recent experiments made with the electric current 
upon animals. One clause of the report is: “If any 
doubt should exist in the minds of some that electricity 
would not necessarily be fatal to man because it has 
been successfully applied to lower animals, we have 
but to call attention to the fact that since 1883 some 
200 persons have been killed, as we are credibly in- 
formed, by the handling of electric lighting wires. 


King’s Periodical Sales.—It will be seen by reference 
to our advertising columns that Mr. J. W. King’s next 
sale of electrical goods is to be held on Monday next, the 
18th inst. The number of articles sent in is so large, 
that an adjourned sale is also announced for Thursday. 
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Good Advice.——A correspondent signing himself 
“A Shareholder” calls attention in the New York 
Electrical World to the method so much in vogue 
in the States of distributing the equipment plant 
of electric lighting stations piecemeal among several 
different contractors. He considers this most detri- 
mental to the interests of electric lighting as well 
as ruinous to the pockets of the shareholders, and 
complains bitterly of the cheap machinery put up 
under the supervision of second-rate engineers at 
the prices of the lowest bidder. After pointing out 
that “ the percentage of plants that have made returns is 
wonderfully small as compared with the number in 
operation,” the writer observes in conclusion that 
“Selection, the exercise of a discriminating judgment, 
and a policy set against parsimony, will produce true 
economy, which every electric company should practise 
in the equipment of their stations, and the sooner they do 
so, the quicker they will reap the fruits of their invest- 
ment in the shape of dividends.” This is sound advice 
and we trust those whom it may concern both on this 
and the other side of the Atlantic may be sensible 
enough to take it. 


Testing Insulation Resistances.—So far as we can 
jadge from a perusal of Dr. Waltenhofen’s tests of the 
insulation of the leads in the New Palace Theatre, 
Vienna, they are not of a kind which would commend 
them to electrical engineers in this country. Still, as 
bearing upon the subject of Prof. Jamieson’s discourse 
at the last meeting of the Institution of Electrical 
Engineers, we have thought that Dr. Walten- 
hofen’s tests may be of some service, even if slight, to 
those who desire to see a standard of insulation resist- 
ance. For the same reason we have republished the 
paper which Mr. Fish has recently contributed to an 
American exchange. 


The Electric Blowpipe.—The interesting account of 
the electric blowpipe, by Prof. Sheldon, which we 
publish on another page, brings vividly to our mind 
similar experiments made years ago with the first 
Gramme “machines ever made in this country. The 
deflection of the flame of the arc was, however, pro- 
duced by means more primitive, but quite effectual. 
Instead of employing an electro-magnet for the purpose, 
one end of a long crowbar was placed in contact with 
the powerful pole-piece of the machine, and the other 
end brought into proximity with the electric lamp, the 
effect produced being similar to that described by the 
Harvard University Professor. 


Electrical Railways in the States—The article 
which we publish this week concerning the Thomson- 
Houston electric railways in the States, together 
with our many previous notices of the doings of the 
Sprague, the Daft, and other American companies, 
ought really to do much to encourage greater enter- 
prise of a similar kind here. The only outward and 
visible signs that electric traction is even known in 
and around London, is an occasional glimpse of an 
electrically-propelled omnibus and intermittent press 
notices that experiments are still going on for the pur- 
pose of equipping the Metropolitan Railway, the 
Southwark Subway, and the Barking tramline, with 
electrical plant for the purpose of running their rolling 
stock. 


The Royal Society —At Thursday’s meeting a paper 
was to have been read by Dr. Hopkinson, F.R.S., on 
“ Magnetisation of Iron at High Temperatures.” Pre- 
liminary notice. 


NEW COMPANIES REGISTERED. 


River Plate Electricity Company, Limited.— Capital, 
£500,000 divided into 49,900 shares of £10 each and 
1,000 shares of £1 each. Objects:—To generate, pro- 
duce, store, distribute and otherwise deal with elec- 
tricity or electric force, and to apply the same for the 
purposes of lighting, heating, or as a motive agent. To 


enter into agreements with Walter Ritchie Cassels and 
with the Rosaria Electric Lighting Syndicate. Signa- 
tories (with 1 share each) G. J. Joy, Athole House, 
Tottenham ; W. Hamilton, 12, The Avenue, Brondes- 
bury ; H. C. Hudson, 16, Mentone Road, Highbury ; F. 
Belcher, Huntingdon Road, East Finchley ; J. B. Birch, 
15, Eckington Road, Stamford Hill; F. Geoghegan, 11, 
Thurlow Road, Hampstead ; E. T. Botwright, 23, Sutton 
Place, Hackney. The signatories are to appoint the 
first directors ; qualification, 50 shares ; remuneration, 
£1,000, and in addition one-tenth of the surplus profits 
remaining in each year after payment of 10 per cent. 
dividend, but such percentage is not to exceed £5,000 
per annum, to be divided among the directors as they 
may determine. Registered 7th inst. by Messrs. 
Ashurst, Morris, Crisp & Co., 6, Old Jewry. 

Sunderland and District Electricity Supply Com- 
pany, Limited,— Capital, £100,000 in £5 shares. 
Objects: To form centres in the United Kingdom, or 
elsewhere, in which electric power may be accumu- 
lated, and from which the same may be distributed 
for public and private lighting, heating, motive power, 
for electro-plating, electro-deposition, telephonic or 
other purposes. Signatories (with 1 share each) J. 
Young Short, Sanderland ; J. H. W. Culliford, ship 
builder ; J. Sanderson, Sunderland ; Robert Hammond 
(electrical engineer), 117, Bishopsgate Street ; T. P. May, 
Sunderland ; J.S. Barwick, Sunderland ; W. Penkney, 
Sunderland. The signatories are to appoint the first 
directors ; qualification. 100 ordinary shares, or £500 
stock ; remuneration, £250 per annum, and an addi- 
tional sum equal to one-tenth of the profits (except the 
amount carried to reserve) overthe first £7 per cent. paid 
on the ordinary shares provided that the whole re- 
muneration is not to exceed £1,000 perannum. Re- 
gistered 12th inst. by Messrs. Slaughter & May, 18, 
Austin Friars. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 

Welsbach and Williams, Limited (Manufacturing 
chemists, metallurgists, electricians, &c.).—At an extra- 
ordinary meeting of this company held at 35, Walbrook, 
on the 17th ult., it was resolved to reduce the capital 
from £40,000 in £1 shares, to £34,000 in £1 shares, by 
the cancellation of 6,000 shares, 1,000 of which are 
held by James Mactear, and the remainder by the Incan- 
descent Gas Light Company, In consideration of pay- 
ment of £1,000 to the former, and £5,000 to the latter, 
out of capital in excess of the requirements of the 
company. The resolution was confirmed on the Ist 
jnst., and filed onthe 6th inst. 


LEGAL. 


Peto v. The Empire Telephone Company.—(Before 
Mr. Justice North, on Saturday.)—The plaintiff is the owner of 
the whole of Furnival’s Inn. Early in November last the defen- 
dants, without any authority from the plaintiff, placed one of 
their wires on some of the houses in the Inn. The plaintiff 
demanded the removal of the wire, and the defendants promised 
to remove it, but they failed to do so, and the plaintiff commenced 
this action on November 26th, and un November 27th, by special 
leave of the judge, served the defendants with the writ and with 
notice of motion for an injunction. The next day the defendants 
removed the wire, and at their request the plaintiff consented not 
to bring on the motion, upon an undertaking by the defendants to 
make good all damage. The defendants have since done this, and 
the only question remaining was who was to pay the costs of the 
action. ‘I'he defendants had not denied their liability to pay the 
costs, but, in spite of repeated applications by the plaintiff, they 
had not done so. The plaintiff now brought on the action asa 
short cause, in order to obtain payment of his costs. The defen- 
dants had not entered an appearance to the suit, and they did not 
appear on the present occasion. Mr. John Henderson was for the 
plaintiff. Mr. Justice North ordered that the defendants should 
pay the plaintiff’s taxed costs of the action. 


United Telephone Company v. The Ericsson-Bell 
Telephone Company.—Outer House, Glasgow, Thursday, 
February 7th. (Before Lord Trayner.) — This was an action 
brought by the United Telephone Company, Limited, London, 
against the Ericsson-Bell Telephone Company, 29, Waterloo 
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Street, Glasgow, and Charles Bell, iron merchant, the only known 
partner of the company. Pursuer asked that defender should be 
interdicted from infringing letters patent dated 30th July, 1877, 
granted to Thomas Edison, Menlo Park, New Jersey, for the inven- 
tion of an improvement in instruments for controlling by sound 
the transmission of electric currents and the reproduction of 
corresponding sounds at a distance, and: also a patent dated 
9th December, 1876, number 4,765, granted to Wm. Morgan 
Brown, London, for improvements in electric telephones. Pursuers 
also sought £1,000 damages, and delivery of the instruments in 
the possession of the defenders which were an infringement of the 
patents in question. The pursuers explain that they acquired the 
right to the patents in question, and that the defender during the 
Glasgow International Exhibition infringed them by making and 
selling telephonic instruments which were constructed according 
to the inventors’ specifications. The defenders admitted the in- 
pe ov bat pleaded that excessive damages were asked. The 
Lord Ordinary has pronounced an interlocutor, by agreement of 
parties, interdicting the defenders from infringing the pursuers’ 
patent, and giving decree for £30 damages and expenses. 


CITY NOTES, REPORTS, MEETINGS, &c. 


India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, 


Tue twenty-fifth ordinary general meeting of this company was 
held at the Cannon Street Hotel, yesterday (Thursday), Mr. S. W. 
Silver, the chairman, presiding. 

Mr. W.J. Tyler, the secretary, having read the notice convening 
the meeting, the report, which appeared in the Review last week, 
was taken as read. 

The Chairman, comparing the circumstances under which they 
now met with those of 12 months ago, said the general trade of 
* the country had increased, and the operations of this company had 
expanded fully in proportion. Their general sales had exceeded 
those of any previous year. This afforded evidence of the prepared 
state of their works for any demand that might be made upon 
them, and this, he thought, they might attribute to the prudent 
judgment and energy and ability of the staff. In making this 
remark he could not refrain from making particular mention of 


concern the best hours of his life. Owing to the keen competition 
with which they met he was not in a position to say that the 
profit was at all in accordance with the amount of sales; nor must 
they expect it to be so, unless they went into new fields and 
sought new outlets, such as appliances connected with elec- 
tricity. There were many and varied openings—locomotion, 
light, and so on—and he was glad to tell them that as far 
as that branch was concerned they were well employed. 
They had as the result of the year’s operations a net profit of 
£57,157. That amount, with the sum brought over from 1887, 
showed a total of £66,687, out of which they recommended the pay- 
ment of 10s. per share dividend in addition to that paid last 
July, making on the year 10 per cent. They also carried over 
£25,000 to next year’s account. That was a very useful sum to 
them to have in hand. Their stock at times had to be supple- 
mented by taking advantage of offers made to them of raw 
materials. They had also set aside £5,000 towards the mainten- 
ance of the steamships. With regard tu the submarine branch, 
they had done little as compared with the resources at their com- 
mand. But he was glad to say that they were now very much 
better employed, and were likely to be for months tocome. Their 
vessels would then have something to do. No profit was taken 
on account of new cables in the present accounts. As regards all 
the other branches they were in a generally efficient state at 
Silvertown, and so also at Persan, which showed an improvement 
upon last year in its operations. He concluded by moving the 
adoption ot the report and accounts, and the payment of a dividend 
of 5 per cent., or 10s. per share, free of income tax, payable on and 
after the 15th inst. 
Mr. Abraham Scott seconded the resolution. 
Remarks having been made, and questions put by Mr. Lamont, 
with reference to the steamers, by Mr. Cochrane, as to the directors’ 
remuneration and the interval between issuing the report and 
holding the meeting, and by other shareholders upon details in the 
accounts, 
The Chairman, in reply, said the steamers had been employed 
to only a very slight extent. It was open to the shareholders to 
ive notice of motion with regard to the remuneration of the 
irectors, but the holding of the meeting a week earlier this year 
was in the interests of the shareholders, who complained of the 
delay last year. As regards the subscription of £500 to the 
North Woolwich Gardens, that was made 1n the interests of the 
pee age and those who knew anything of the neighbourhood 
would be only too thankful to be able to assist in the removal of 
the nuisance and the application of the gardens to a far better and 
higher purpose. 
Mr. Lamont said he sup they might take it that their 
steamers were not very suitable for ordinary commercial purposes. 
Mr. Gray replied that they were not. ‘I'he cost of removing 
the cable machinery and tanks would be very great. They were 
so anxious to make use of the steamers that they tried one 
voyage, but lost nearly £2,000 over it. With reference to the 


his friend, Mr. Gray, the managing director, who had given to the _ 


machinery at the works, respecting which a question was asked, 
it was in a thoroughly efficient state, and their workshop was 
second to none in the kingdom. 

The motion was then unanimously adopted, after which Messrs. 
Scott and Henderson were re-elected directors, and the auditor, 
Mr. J. Weise, was also re-appointed, the proceedings then termi- 
nating with a vote of thanks to the chairman. 


City of London and Southwark Subway Company, 


Limited, 


Tue ninth half-yearly ordinary meeting of this company was held 
on Tuesday at Winchester House, E.C. 

Mr. Charles Grey Mott (chairman of the pny ww presided, 
and congratulated the shareholders on the works during the past 
half year having been carried on with almost unparalleled 


rapidity, and without any serious accident. They had now 


acquired the whole of the land that was necessary for the work, 
and since the last meeting had obtained a large piece at the 
Stockwell end, where they proposed to concentrate the whole of 
the engines required in connection with the working of the line, 
whether for the electrical working, the hydraulic lifts, the lighting 
of the stations and carriages, the works in connection with the re- 
pairing of the engines and carriages, and the general repairing 
shops. The works were very far advanced towards completion. 
In about six or eight weeks they expected the tunnels would be 
entirely completed throughout, with the exception of a short 
length near the Stockwell end of the line, where there was a 
deposit of gravel, and the works had to be carried on under air 
pressure. There might be some delay in that portion, but they 
did not anticipate it would be such as would prevent the openin 
of the line as soon as the other works were ready. They h 
made a contract for working the line by electric power with Messrs. 
Mather and Platt, of Manchester. The locomotive expenses of an 
ordinary English steam railway varied generally from about 73d. 
to 1s. per train mile, according to the special circumstances of the 
traffic, and the nature of the line; but Messrs. Mather and Platt 
estimated this company’s locomotive expenses at a rate not ex- 
ceeding 3d. per train mile. Of course, their train would not seat 
anything like the number that a large, steam-drawn locomotive 
would. He believed the average number that could be carried by 
a steam train was something like 250 persons—their trains would 
only seat a little over 100; but the former ran through the 
greater part of the day not one-fourth filled, and of course 
carried an enormous dead weight which earned no returns. 
The weight of three of this company’s trains put together 
would be scarcely half the weight of one steam locomo- 
tive train. If they compared the Inner Circle service with 
their own, they would recollect that the former was a ten minutes’ 
service, though there were, of course, specially favoured stations 
where they got a more frequent service. This company proposed 
to run a three minutes’ service ; they ought, therefore, to obtain 
a larger traffic. Messrs. Mather and Platt had given a guarantee 
that under no circumstances should the rate exceed 34d. per train 
mile, undertaking to pay any excess. Whatever was saved, of 
course, would be for the benefit of the company. They (the direc- 
tors) knew pretty nearly the cost of working the whole line, and 
if their traffic should amount to anything like half that of the 
Inner Circle, they would be in a position, he believed, to earn such 
a dividend as would place the shares ata price which would satisfy 
all the shareholders. Messrs. Mather and Platt’s contract under- 
took a speed equal to 15 miles an hour ; that of the Inner Circle, 
he believed, was 12 miles an hour. The total time occupied in 
going from King William Street to Stockwell was to be not more 
than 12 minutes, and they would go to Kennington Oval in not 
more than 10 minutes, whereas hitherto it had been a journey of 
a long and tedious nature. They had arranged with Messrs. 
Mather and Platt to light the trains by electricity, and also the 
whole ot the stations and the works connected with the line. The 
firm had undertaken that at a very low cost, and had guaranteed 
that that cost should not be exceeded. He hoped they had a fair 
and satisfactory future before them, and trusted that before they 
next met they would either have the line open for traffic, or be able 
to fix the exact date on which it would be opened. He concluded 
by moving that the report and accounts be approved aud adopted. 

Mr. Alexander Hubbard seconded the motion, which was carried 
unanimously. 

Mr. Sampson Hanbury and Mr. C. G. Mott were re-elected 
directors, and the meeting concluded with a vote of thanks to the 
chairman. 


Submarine Telegraph Company, Limited, — The 
accounts. for the half year ending December 31st, 1888, show a 
balance, subject to audit, which enables the directors, after 
adding 15 per cent. of the gross receipts to the reserve fund, to 
recommend a dividend at the rate of 16 per cent. per annum. 


TRAFFIC RECEIPTS. 


The Western and Brazilian Telegraph Company, Limited. The receipts for the 
week ending February 8th, 189, after deducting the fifth of the gross receipts 
payable to the Londun Viatino-Brazilian Telegraph Company, Limited. were 

772. 

The Brazilian Submarine Telegraph Company, Limited.- The traffic receipts for 

the week ended February sth amounted to £4,871. 
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THE ELECTRIC BLOWPIPE. 


THE application of dynamo-electric currents for the 
welding of large pieces of metal, in the mechanic arts, 
writes Dr. Samuel Sheldon, in the Scientific American, 
has been practically demonstrated as a success. But 
its employment has been, of necessity, limited to large 
workshops, where the amount of work of this character 
would warrant the purchase of a dynamo. Further- 
more the danger attending the use of powerful currents 
has deterred many from making use of: them, because 
they have had in their employ mechanics of only ordi- 
nary attainments, with no especial knowledge of elec- 
tricity. 

Besides the Thomson-Houston system, which employs 
a current of very great strength but small electromotive 
force, and where the pieces to be welded are brought 
into contact, two general methods employing the elec- 
tric arc have been used. The first consists in making 
an electrode of each of the pieces to be welded, a small 
space being left where the welding is to take place. If 
a strong current be sent through, it forms an are of 
great heat at this space, and the metals are melted, and, 
ruuning together, form a compact whole. The second 
consists in connecting both of the parts to be welded 
to one end of the circuit, while the other end is con- 
nected to a movable point, which is brought into close 
proximity to the joint, and, the arc being formed, gives 
the same result as before. 

For many pieces of work these methods are not prac- 
ticable. For instance, oftentimes when two pieces are 
brought into their proper relative positions, if a current 
be sent through after the first method, arcs will be 
formed at several places, and junctures will be made in 
places not desired. Again, in the employment of the 
second method, the use of two hands is often essential 
in the manipulation of the work, in which case a second 
person is nevessary to apply the second contact. It is 
well known that two persons cannot co-ordinate their 
movements in the efficient manner in which one can 
those of ,his two hands, and the result is often an in- 
ferior grade of workmanship. 

Now, the peculiar behaviour of the electric arc, when 
placed in a strong magnetic field, affords at once a 
simple and efficient means for welding. A dynamic 
attraction or repulsion occurs between the rectilinear 
current of the arc and the ampérean currents of the 
field, and this results in the drawing or driving out of 
the are into a point, which is very similar to the point 
of flame projected from a blowpipe. The form may be 
seen from the following sketch ; 


The heat at the point of the arc is intense, and suf- 
fices to melt any of the metals. A piece of No, 14 
copper wire held. at the apex melts instantly. 

This extreme heat in such a convenient form can be 
the means of bringing electro welding within the reach 


of all shops where arc lamps are employed for illumina- 
tion. By a mere nominal alteration the lamp may be 
made to perform the double function of illumination 
and welding. To attain this end, a straight electro- 
magnet wound with coarse wire is only necessary. 
This is placed with one end toward the arc, and may 
be fixed in one position (to be determined by experi- 
ment, and depending upon the direction of the desired 
point of the arc), or made movable in a horizontal plane 
on a level with the arc. The two terminals of the 
magnet coil are inserted anywhere in the main circuit, 
or, if found necessary, may be shunted from the same. 
The connections, once made, can remain undisturbed, 
and, without influencing the main line, the lamp per- 
forms its two functions. 

In the employment of the arc for electro-welding, the 
operator must, of course, wear coloured glasses for the 
protection of the eyes. Care must be used in the selec- 
tion of these, for some of the colouring matter used 
(especially in blue and red glasses) absorbs the light 
given out at the apex of the arc, and this would be 
detrimental to fine work. 

The electric arc, when in a strong magnetic field, 
exhibits another peculiarity. It is known that if a 
circuit, traversed by a strong current, be broken under 
ordinary circumstances, a moderate spark will ensue, 
accompanied by a snap similar to that given by a toy 
cap when exploded. If, however, the break be made 
in a strong magnetic field, an extremely large spark 
follows, accompanied by a peculiarly sibilant report, as 
intense as that of a pistol. The effect is very startling 
when unexpectedly made. 

If a strong field be brought to bear upon the inter- 
rupter of the primary circuit of a Ruhmkorff coil, the 
spark emitted by the simple secondary coil equals in 
magnitude and length that which would be produced 
under ordinary circumstances were the secondary in 
communication with a large condenser. This simple 
means may often be employed to advantage in work 
with a Ruhmkorff, when a long spark is desirable, and, 
at the same time, any electrostatic residue, owing to the 
condensers, is to be avoided. 


LIGHTNING ARRESTERS AND THE PHOTO- 
GRAPHIC STUDY OF SELF-INDUCTION.* 


By E. G. ACHESON. 


(Concluded from page 138.) 


Now, in accordance with the views which have seemed to me 
most probably true, this change is due to the reducing of the 
length of the path, w, and which is now composed of kr £, and the 
lead of the cable, this reduction resulting in a subsequent lower- 
ing of the potential of the extra or self-induced current. But if 
the theory of Prof. Lodge’s “alternative path” is correct, then 
the change would be due to a removal from the path, w, of a cer- 
tain amount of resistance, which has been termed by Mr. Oliver 
Heaviside, Impedence. 

We here have an apt illustration of inertia under the American 
and English definitions, as so forcibly stated by Prof. Ayrton. As 
I have presented it, the spark, B, is the result of inertia, with the 
American definition—a resistance to stopping ; while Prof. Lodge’s 
theory would account for it by inertia with the English interpre- 
tation of that word—a resistance to motion. 

Accepting the belief that the spark, 8, when adjusted to the 
critical point, was caused by the self-induction to the wire, w, a 
variety of experiments were made with the desire of obtaining 
experimental proof of the theory. Repeated opportunities pre- 
sented themselves for mathematical work, and if time and atten- 
tion could have been given in that direction the results would 
unquestionably have been of interest and value, but the work was 
perforce restricted to the more limited confines of experiment and 
reasoning. The first experiment of the series was to replace the 
wire, w, in fig. 4, with one of smaller diameter, and re-determine 
the value, B, in a manner already done for a copper wire having 
a diameter of ‘052 of an inch, and of which the results have been 
plotted in Plate A. ; 

Before presenting the experimental results it is desirable to 
consider what might be expected from these changed conditions. 
There will in all cases be practically the same amount of energy 


* Paper read before the American Institute of Electrical En- 
gineers, at the College of the City of New York, January 8th, 
1889, 
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discharged into the circuit, for the areas of the condensing sur 
faces on the jar, 3, remain constant, the length of the striking 
distance, a, also remains df a uniform length, and while it is true 
that the resistance of w, as measured by a Wheatstone bridge, 


Thousandths of an inch. B. 


Inches, W. 
A='28inch. Capacity of condenser = m.f. 
A, 


would vary inversely as the square of the diameter, the resistance 
of the complete circuit of discharge is, owing to the air-space, A, 
practically infinite, and hence the relative trifling resistance of 
w, even when of the finest wire, may be wholly neglected. ‘_e 
The theory that the self-induced or extra current in a wire is a 
recoil action, is based primarily upon the hypothesis that there 
exists, before the electrifying current is discharged into the circuit, 
a prior state—the electro-tonic state of Faraday. This electro-tonic 
condition consists in the existence of lines of energy—thermal 
they may be—with directions coinciding with the radii of the wire ; 
these lines or axis of energy being surrounded by circular lines of 
magnetic force. An electrical current being discharged through 
pn wire would cause, under the influence of its well known 
magnetic whirls or circles whose planes are at right angles to the 
line of propagation, and in this case to the axis of the wire, a 
deflection of the planes bounded by the closed lines of magnetic 
force surrounding the radial lines of energy which are within the 
wire. The work of producing this deflection would, I think, con- 
stitute what is known as the variable resistance which meets a 
sudden discharge, and which was made the subject of that grand 
paper on “ Self-Induction,” by Prof. Hughes, before the Society 
of Telegraph Engineers, at their meeting of January 28th, 1886. 
This deflecting of the radial lines of energy, while constituting a 


Thousandths of an ineh. B. 


Inches. W. 
4='28 inch. Capacity of condenser = m.f. 
Puate B. 


resistance to the inducing current, is also the source of, or rather, 
during the act of deflecting, produces an electromotive force con- 
=. to that of the inducing current. This counter electro- 
motive force exists only during the interval of deflection, and 


quickly vanishes from the path of the inducing current. On the 
moment of the interruption of the inducing current, and conse- 
uent withdrawal of its attending magnetic whirls or circles, the 
ected radial lines of energy swing back to their radial positions, 
producing by their motion an electromotive force of such a direc- 
tion as to form a current in the same direction as that of the in- 
ducing current. This return swing or recoil, as of a oa 
denly released, is of such velocity, and overlapping, probably, 
what may be likened to the tail end of the disappearing inducing 
current, produces a momentary electromotive force of a value 
higher than that of the original current. These being the actions 
of the forces and energies, it now becomes necessary to understand 
what differences, if any, the size the wire through which the 
original current is discharged will have upon the value of the 
induced, or as it is more generally termed, the self-induced elec- 
tromotive force. All of the experiments and considerations will 
be made under the conditions of a constant capacity for the jar, s, 
and uniform length of a, and consequently one value for the 
energy discharged into the circuit. In all cases there will, of 
course, be a certain amount of the energy that has been dis- 
charged into the wire lost and converted into heat. This lost 
energy will be greater in value in the smaller wire than in the 
larger in a proportion inversely as their diameters. This greater 
loss in the small wire and resulting reduction in the available 
inducing energy would, of course, tend to produce a diminution 
of the self-induced current. This reduction is, however, exactly 
offset by the greater concentration of the inducing energy, its 
inducing value having been increased in a proportion inversely as 
the diameters of the wire. 
It is feared this argument has become tiresome, and an imme- 
diate relief will be found in Plate B, where I have plotted two 
curves ; one, the full line curve, is the same as that shown in Plate 


Thousandths of aninch. B. 


Inches. W 


A=286inch, Capacity of condenser = °0025 m.f. 
Puate C. 


A,and was produced as formerly stated. The dotted line curve 
was made with a wire of copper having a diameter of ‘032 of an 
inch. The two curves are so nearly alike as to permit of the 
belief that they are in reality the same and that the slight 
differences existing are due to errors of measurement. Here is 
experimental proof that the electromotive force of the self-induced 
current, as measured by the spark, 8, remains constant as long as 
the energy discharged into the circuit is of uniform value, and is 
wholly independent of the diameter of the wire, and this seems to 
give countenance to the argument immediately preceding. 

It is more than probable that those who have been follow- 
ing the subject closely will, before this time, have had the 
question asked, from somewhere within: “How would these 
curves on Plate B have looked had one been made with an iron 
wire?” The answer is ready at hand on Plate C. It is not 
exactly an answer to the question as stated, for there are here 
shown two curves, one produced with an iron wire and the other 
with a copper wire, but both are of the same diameter, ‘052 of an 
inch ; the curve of the copper wire is the one you are already 
familiar with. 

This paper has even now attained to such proportions, and 
there are yet so many points to present, that nothing more than 
a@ moment’s glance at these curves can be offered. A study of 
them teaches that for lengths of 40 inches, copper and iron will, 
when acted upon inductively by discharges of one value i 
self-induced currents of like electromotive forces. From 40 to 110 
inches they show slightly different values, while beyond this 
length their efficiencies rapidly diverge; that of the iron running 
much lower than that of the copper, and apparently fast approach- 
ing a maximum. Asa means for accoun’ for these different 
efficiencies, I would suggest this theory. Up to 40 inches of length 
the time occupied by the passage of the Gosnagel current was 
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too short to permit of any magnetic effects occurring in the iron, 
and consequently the wire was equivalent to its neighbour, the 
copper ; from 40 to 110 inches small etic effects were pro- 
duced, resulting in a lag or retardation of the velocity of the recoil 
deflection of the radial lines of energy, and resulting, of course, in 
a lowering of the electromotive force of the self-induced current ; 
beyond 110 inches, the time of discharge rapidly increased in dura- 
= and thereby produced the decided flattening of the curve, as 
shown. 


Thousandths of aninchs B, 


Milliontbs of a microfarad. 


Puate D. 


There is one more set of curves to present: they are shown in 
Plate D, and were made with the object in view of determining 
the effect of a variation in the amount of energy discharged into 
the circuit. Experiments were made with both copper and iron 
wires, the curve of the copper plotting in above that of the iron 
one. In the plate, the capabilities of J in millionths of a micro- 
farad are plotted horizontally, while the lengths of the B sparks in 
thousandths of an inch are plotted vertically. The length of the 
A spark was, as before, *286 of an inch. I was prepared to see the 
B spark increase as the energy discharged increased ; but I was 
wholly unprepared to have it decrease as the result of added 
energy, after a certain point had been arrived at, and still less pre- 
pared to obtain the wavy curves, as shown. 

Time will not permit of entering into any consideration of the 

uliarities of these curves. 

There is a little experiment, the record of which I wish to inter- 
line at this point ; it may answer a question, and perchance wet 
the powder of some intending questioner. Looking over my 
sketches and coming to fig. 3, the thought struck me that an error 
might have been introduced into the experiment where the c spark 
formed apart of Prof. Lodge’s “ alternative path,’ due to there 
being no connection having other than an infinite resistance be- 
tween the ball, x, and the outer coating of 5, while in all of the 
other experiments there was the circuit Pendle | by w. It seemed 
possible that this change might have produced a different value 
for the energy of the discharged current, as the difierence of poten- 
tial between m and x might be altered. To decide the question, 
the connection as shown in fig. 4 were used. The balls forming 
the terminals of the Holtz machine were caused to approach each 
other until the discharges occurred about an equal number of 
times between them at panda. Next the space B was adjusted 
to the critical length. If the existence or non-existing of the wire 
w and resulting metallic connection between x and J influenced 
the value of the potential of discharge, its removal ought to lower 
the potential difference between m and x, and cause all of the dis- 
charges to occur at p. The experiment, however, did not prove 
this to be true, the removal or replacement of w having no 
apparent effect upon the number of the discharges that occurred 
at a and p; but, of course, when it was removed every spark at a 
caused one at B. 

A few experiments were now made to determine the effect 
various portions and positions of the parts of the wire, w, would 
have upon other portions of itself. The connections shown in fig. 
4 were used. A length of 50 inches of cotton-covered copper wire, 
with a diameter of ‘033 of an inch, was used for the wire, w. It 
was arranged in the form of a circle. a was, as before, ‘286 of an 
inch, and the capacity of s was ‘0025 M.F. The critical point of B 
was found for these conditions, and w was then formed into a 
figure whose two sides were parallel, and B was measured for 
various distances between the two sides. These distances were, 
however, only approximate. 


Position of W. Bin inches. 
Sides separated 3} inches ... 
Sides separated 2} inches ... 
Sides separated 2 inches ... 
Sides separated 14 inches ... 
Sides separated 1 inch ... 
Sides separated jinch ... 
Sides separated finch ... ... “050 


The next experiment, illustrated in fig. 5, was to take the same 
wire, w, and coil it upon a paper tube having a diameter of } of 
an inch, the wire forming a spiral of any layer about 2 inches in 
length. This spiral being placed in the position, w, the critical 
point of B was found to be ‘197 of an inch, or over 8 per cent. 

eater than when the wire was in a circle. While the spiral was 
in the last position an iron wire one-tenth of an inch in diameter 
was inse into the paper tube, and now the spark, B, only 
measured ‘170 of an inch, over 13 per cent. less than without the 
iron wire, and more than 6 per cent. less than the plain circle. 
Another experiment was made like the last, with the exception 
that the wire was long, and bent around into a closed circuit, but 
it did not alter the results. The lowering of the value of the 
self-induced current upon the introduction of the iron wire was to 
me at the time startling ; but a consideration of the case showed 
that it should be so, for a portion of the energy of the inducing 
current was absorbed in producing work in this mass of iron, and 
of a necessity weakened the self-induced current to an extent 
measured by the work this extracted energy could and would 


A 
L 
€ 
Fia. 5. 


have done in the wire, w, had it not been withdrawn. I have, 
however, here a confession to make: I was all of the time consider- 
ing that this energy was expended in producing magnetic effects 
in the iron wire, until a friend who had called to see some of the 
experiments suggested that [ insert a copper wire instead of the 
iron one. Ididso. The effect was the same as that obtained 
with the iron wire. The explanation was simple: It was that not 
magnetic effects, but electric currents, closed upon themselves 
within the wire, had been produced. The reduction of the length 
of the spark, B, now became a simple question of causing the 
inducing current to do more or less work external to the wire, w, 
and, as another means of causing it to do so, the spiral was sur- 
rounded by another spiral of wire with the ends so arranged that 
they could be connected or opened as wished. With this arran 
ment the spark, B, could be made to come and go, as desired ; for 
by adjusting it to the critical point with the terminals of the outer 
spiral open, it would entirely disappear when they were united, 
all of which agrees perfectly with the former experiments and 
conclusions. 


Another short series of experiments was conducted with parallel 
circuits, as shown in fig. 6. The lengths of the parallel portions 
were 35 inches, the distance separating them being ‘052 of an 
inch. The total lengths of u and w were 130 inches. a and J were 
of the same values as heretofore used. 

The conditions of the tests and the resulting lengths of the 
spark, s, may be briefly stated thus :— 


Test No. 1{ Copper, 

Test No. from ,8 024 
L » ” ” ” ? on 4 

L ” ” ” ” 

Test No. 4 iw copper 8 025 in. 


If my memory serves me right these results are the same, 
qualitatively, as those obtained by Prof. Hughes, and clearly show 
the apparent sluggish action of iron, both in imparting and 
receiving magnetic inductive effects. Its relations to these mag- 
netic effects resemble the actions of a polished metal surface when 
associated with heat, it radiates and absorbs poorly. 

It now becomes my pleasant duty to present the concluding and, 
at the same time, most interesting and convincing proofs that w 
is not an “alternative path,” but that the spark, B, is produced by, 
and consists of, the discharge of the self-induced current. Ihave 
called this series of experiments 


Tue Stupy or 


Unfortunately, at a late day, a day so late as to prevent my 
repairing the loss, I met with at least two accidents, and each of 
them cost me one or more negatives which were a part of the 
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record of these experiments. I shall, however, endeavour to make 
those remaining demonstrate the desired points. ‘ 

In making these experiments the end in view was to obtain pho- 
tographic records of the duration of the spark, a, with and with- 
out the spark 3B, with and without the wire, w, with various lengths 
of the wire w, and, if possible, to detect a difference in time 
between aand B. A disc of tin plate, 20 inches in diameter, was 
mounted on an arbour and belted to a system of pulleys of such 
sizes, that by working the train by hand, a velocity of about 
75,000 inches per minute could be given to a circle of holes that 
had been punched in the disc ata distance of one. inch from its 
edge. These holes were about one-eighth of an inch in diameter 
and one inch apart, from centre to centre. The disc was so placed, 
in relation to the positions of the a and 8 sparks, that a line 
stretched from a to one of the holes in the upper edge of the 
disc, would pass through 8. Immediately back of this same hole 
a sensitive plate was fixed so that the hole was in front of the 
centre line, while the plate was removed sufficiently far to avoid 
being touched by the disc. 

One-half of the sensitive plate projected above the edge of the 
disc ; this upper portion was covered with a tin plate in which a 
hole was punched of a size similar to those in thedisc. The lower 
portion of the sensitive plate—that is, the part back of the disc— 
was also covered with a tin plate in which a window had been cut 
a little over one inch square, and in such a position that the holes 
in the disc passed in front of it. It will be understood from this 
description that while the disc revolved there could be two holes 
in front of the window, while there could not be less than one. 
With these adjustments sparks at a and B, separately or united, 
would produce an impression upon the sensitive plate, through the 
upper hole, and through one or two holes, as the case might be, 
in the revolving disc. 

As a result of the accidents above referred to it will be necessary 
to introduce the series of experiments with photograph No. 5, where 
we have the spot produced through the hole in the upper stationary 
screen mark , and a spot lower down on the plate marked B, 
and which was produced through one of the holes in the revolving 
disc. The object in having the spot a was that it might offer a 


Fia. 7. 


means of comparison between impressions made through stationary 
and moving apertures, and also show the effect of vibrations, if 
any existed, in the various parts of the apparatus. The value of 
the energy discharged through the circuit from J was disregarded, 
care, however, being taken that there should be no change in. it 
throughout the entire series of experiments. _The velocity of the 
apertures or holes in the disc was fairly but not absolutely 
determined to be 75,000 inches per minute. With this velocity 
of movement a displacement of the apertures of the one-thousandth 
part of an inch would represent an interval of time equal to 
of a minute. 

The series of experiments will be divided into four sets, as 
follows :— 

Experiment 1, Photo. No: 5. 

The wire, w, was of copper, 76 feet long, and ‘052 of an inch in 
diameter ; the spark, a, was ;°;th of aninch, and was retained at 
this for the entire series. 

The 8B spark was adjusted to —— near the critical state, but, 
owing to the necessity of its uction with the first a spark, it 
could not be set to the same delicacy of action as heretofore. The 
photograph shows a slightly blurred or indistinct outline on the 
right hand side of the spot, B, which is more clearly brought out 
by comparison with the spot, a. From this it is concluded that a 
measureable length of time was occupied by the spark, as the 
aperture in the disc through which this B spot was produced must 
have moved an appreciable distance in order to have produced 
this elongation or “ ghost,” as the photographic profession would 
term it. Owing, however, to the absence of any displacement of 
the distinct outlines of the spot, it cannot be assumed that there 
was any difference in the time of a and B, or at least, not of 
sufficient value to permit of measurement with this apparatus. 

Photograph No. 6. 

In producing this photograph all of the conditions remained 
the same as those in photograph No. 5,with the one exception 
of the spark B, which was removed from the circuit by 
separating the points beyond the striking distance. Here, 
by chance, two holes, or, rather, one and a half, were in 
front of the window at the moment of sparking and produced 
spots one and two. These spots exhibit displacements that, 
roughly measured on the negative, are one-tenth of an inch 
° length, - show a duration of the spark of not less than yz455,th 

a minute, 


From these two phone the conclusion is drawn that the 
spark B shortens the duration of the spark at a. 

Experiment No. 2, Photograph 7.—The conditions of the circuit 
in this case were :—Wire, w, shortened to 20 inches in length; 
spark B still outof circuit. This photograph shows about the same 
length, but darker “ ghost ” following the spot 8 than did Photo. 
No. 6, and indicates a corresponding increase in the work done 
at A. 

The conditions are the same as the last, excepting that the 8 
spark is again introduced. While there is still a measurable 
duration to the spark, the shertening of the interval due to the 
spark, B, is very decided. 

Experiment No. 3, Photograph No. 9.—In this experiment the 
entire apparatus associated with the spark, B, was cut out and the 
outer surface of the jar, J, was connected by a short copper wire to 
the ball, x (refer to fig. 4). An examination of the photograph 
indicates that a existed for an interval of time approximately 
equal to that of the last experiment (photograph No. 8) and very 
much less than that shown in photographs Nos. 6 and 7. 

Photograph No. 10.—In this case the wire, w, was removed and 
the spark, 8, adjusted to about §,th of an inch. Thereseems tobe, 
possibly, a very slight increase in the time over that of photo- 
graph No. 9. 

Experiment No. 4, Photograph No. 13.—To this photograph 
special attention is invited. The conditions under which the nega- 
tive was produced were wholly different from the foregoing. The 
tin plate covering the upper half of the sensitive plate, and which 
carried the aperture through which the spots, a, were made, was 
removed, the plate was lowered, so that a point represented by 
the spot marked 1 came on a line with the apertures in the disc. 
The wire, w, was composed of 50 inches of cotton-covered wire like 
that used in some of the earlier experiments, and was formed into 
a circle. The B spark was removed and was not used during this 
set of experiments. The a spark was, as before, 5;th of an inch, 
and the spot, 1, in the photograph is its impression through an 
aperture of the disc, and, as readily seen, shows a very consider- 
able duration of time. 

The sensitive plate was now elevated a little, the wire, 
w, was coiled into a spiral, as described in a former ex- 
periment, and the spark, a, was once more caused to pass. 
Spots 2 and 2’ are the impressions produced by it, and 
as will be seen by close inspection, exhibit longer “ ghosts,” 
and consequently a greater interval of time than was 
shown in spot 1. Once more the sensitive plate was moved 
upwards, and an iron core having been inserted into the paper 
tube upon which w was coiled, the spot, 3, was produced by another 
spark, the “ghost” produced being smaller than either of the 
former ones. These three experiments show conclusively that the 
presence of the wire, w, in the form of a loop or circle in the path 
of the discharged energy, tends to prolong the action upon the 
sensitive plate ; next, that the coiling of the wire into a spiral 
increased the duration of that action, and lastly, that the intro- 
duction of the metallic core, and consequent stealing away of a 
portion of the discharged energy, shortened the time of action to 
an interval less than that of the loop. 


Puoros 5, 6, 7 anv 8. 


The field opened up by these photographs for theorising and 
speculating is a very broad and rich one, but the time is now too 
short to more than indicate the manner in which these results add 
strength to the conclusions deducted from the former experiments. 
Applying to the photographic experiments the theory already 
pte | that the B spark was a discharge from the wire, w, it is 
found, as would be expected, that when B is absent, the self- 
induced current discharges into the jar, J, producing in its passage 
a spark at a; this spark following immediately upon the heels of 
the original a spark. The jar being in this manner recharged, 
but, of course, in the opposite direction, and of a slightly lower 
potential, will again discharge in the circuit—the discharge at a 
reduced potential being facilitated by the thermal, and, possibly, 
magnetic conditions of the air space, a, and which were produced 
by the first spark. 

This second discharge will leave the jar, 3, once more charged, 
and will be followed by other discharges of a continually decreas- 
ing value, until the energy has been dissipated as heat or other 
forms of energy through and by the various portions of the circuit. 
This subject of the oscillating discharge has lately received, at the 
hands of Dr. Hertz, a masterly and most highly interesting 


treatment. 


Referring once more to sate 3g No. 6, which was produced 
by an a spark with w, composed of a copper wire 76 feet in length, 
the impression produced by the original, or first spark, is clearly 
defined, while in its wake is traced the track left by the sparks 
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produced by the rapidly weakening, oscillating, self-induced cur- 
rents—a track fading away like the tail of a comet, to an invisible 


end. 

The next step in the inqury is to determine the effect of intro- 
ducing the spark B, and for this purpose reference will be made 
to photograph No. 5. Here we find, as would be expected, that the 
comet-like tail has almost disappeared, the natural result of 
having offered the self-induced currents from the wire, w, a 
means of short-circuiting themselves across the points ats. The 
slight trace of a tail—a blurred outline—is to be attributed to the 
self-induced currents of the portions of the discharge circuit lying 
between the points of 8 and the surfaces of the jar, J. 

Shortening the wire,w, with the spark, B, removed, should 
have the effect of increasing the amount of energy dissipated in 
the air space, a, and further than this there should be little or 
no alterntion. This increased amount of dissipation at a may be 
popularly explained thus:—The total circuit into which the 
energy contained in s is discharged, and which consists of the 
space, a, the wire, w, and the connecting wires, constitute the 
bodies or spaces from which the energy is radiated or dissipated, 
and, therefore, any contraction due to removing a portion of them 
will, of necessity, throw more work upon the parts remaining. 
That this is correct is illustrated by photographs No. 6 and No. 7, 
where the conditions were the same, other than a shortening of w 
from 76 inches in No. 6 to 20 inches in No. 7. A comparison 
shows that while the length of the “ghosts” are practically the 
same, that of No. 7 is heavier, more material. In the same 
manner in which the work was increased in the space, A, so will 
it be increased in the wire connecting the points at B to the sur- 
face of the jar, J, and for this reason the introduction of the spark, 
B, should not be expected to cut off the tail from the spot, B, to 
the same value obtained with a long wire at w. This is the case, 
as is shown in photograph No. 8, where w is 20 inches and B has 
been returned to the circuit. If the “ghost” shown in photo- 
graph No. 8 was due to the self-induced currents in the connecting 
wire, as has been assumed, then the same results should be ob- 
tained by cutting off the entire portion of the circuit represented 
by w and the apparatus associated with the B points, and short 
circuiting these connecting wires. That this is the case is shown 
in photograph No. 9. 


Puoros. 9, 10 AND !3. 


Cutting out w and replacing B did not seem to alter the results 
very much, if any, from those last mentioned, and this is just 
what would be expected. 

In photograph No. 13 it is demonstrated that the coiling of a 
wire into a spiral tends to cause a retention of the energy within 
itself, and is due probably to the gathering up of a portion of the 
energy radiated or dissipated by one convolution by the adjoining 
convolution, and thereby restoring it to its own mass. This re- 
tarding of the process of dissipation will result in a prolongation 
of the time of a and consequent action on the sensitive plate, as 
is shown by the increased length of the “ghost,” following spots 
2 and 2’ over that following the spot 1. As would be expected, 
the length of the “ghost” is immediately contracted upon in- 
creasing the rate of dissipation of the energy as results from the 
introduction of a metallic core in the coil of w, as is illustrated 
in spot 3. 

Finan Concuusions. 


The final conclusions to be drawn from these experiment; are :— 

1. The “ground plate” of a lightning arrester should be con- 
nected to the earth by as short a connection as may be possible. 

2. When an air line connects to a cable, a lightning arrester 
should be provided and attached to the armour of a cable by a 
connection not more than a few inches in length. 

8. When a short “ ground wire ” cannot be used, one formed of 
a — of strands may be used, and preferably not twisted into 
a cable. 

4. Any method by which a portion of the discharged current 
which passes over the “ground wire” may be withdrawn, will 
tend to increase the efficiency of the arrester. 

5. Under conditions similar to the tests, copper or iron may be 
used with equal efficiency, when the lengths are under 40 inches, 
and over this length iron is more efficient than copper. 

6. The resistance of the “‘ ground wire ” is of little consequence, 
but it should have a size sufficient to carry off the charge without 
overheating. 

_7. The insulation in a cable may be punctured by lightning, 
either by the direct discharge, due to the points of the arrester 
being too far apart, or by the current of self-induction from the 
“ground wire,” when that wire is of any considerable length. 

_ 8. Dissipation of the energy of discharge reduces the self- 
induced current. 


PROCEEDINGS OF SOCIETIES. 


City and Guilds of London Institute Old Students’ 
Association. 


(Concluded from page 165.) 


Theory, on the one hand, points to an extended pole piece if a 
low magnetic resistance of the air gap be desired. But since there 
is a tendency for the magnetic density to increase at the extremi- 
ties of the poles, an undue lengthening of the arc encircled leads 
toa distortion of the main field. And, further, the position of 
commutation becomes a line, whilst really there should be some 
two or three segments on either side on which the brushes may 
rest without causing sparking or heating of the coils short-circuited 
beneath them. 

Theoretical considerations, then, compel us to shorten the polar 
extensions, although we thereby raise the total magnetic resist- 
ance. This involves, however, no practical loss, for magnetism is 
cheap, and a few more ampére-turns will compensate for the 
weakened field. 

It is curious to note how the tendency to shorten the pole pieces 
has increased during the last 12 months or so. The Manchester 
dynamo used to have pole pieces extending over 139 degrees. I 
heard the other day of a Manchester machine with poles not more 
than 90 degrees in length. Messrs. Paterson and Cooper are also 
making both dynamos and motors with short poles ; so are many 
other firms. 

In some designs there are practical reasons for shortening the 
poles. If the cores are vertical, it is a convenience to be able to 
slip the windings over the coils. To attain this the cores are pro- 
longed and the poles bored out of them, instead of being built up 
of separate castings. This is applicable to both cast and wrought 
iron magnets. 

Rounded polar extensions are also used in some designs, par- 
ticularly with high-tension machines. I think this was first done 
in the Weston dynamos. Speaking generally, for motor pole 
pieces I would recommend that the arc embraced be not more than 
120 degrees, preferably rather less, and that the poles be rounded 
at all their extremities. The section of the poles should vary about 
in proportion to the magnetic flux desired. By a careful attention 
to this point the field may be properly spread over the whole of 
the coils beneath the poles, and the E.M.F. induced per coil be 
approximately the same. This is a matter of no little importance 
in large machines. 

The best way of testing the activity of the different coils is the 
one first used by Mordey, I believe. By a simple arrangement of 
two movable brushes, the E.M.F. of coils in different parts of the 
field is successively measured and the result plotted. This gives 
the differential curve of potential. From this the integral curve 
may be obtained, or a direct experiment will give the same result. 
Fix one lead of the voltmeter to, say, the negative brush, and 
move the other in contact with the commutator through spaces 
equal to the angular width of one coil, taking readings at each 
space. These two curves show at a glance the relative activity of 
the coils and the distribution of the main field. No better method 
can be devised for showing the exact action of the armature, and 
the relative advantages of differently shaped poles and polar 
extensions are at once apparent. 

This method is also very useful for showing the difference 
between the distribution of magnetism in the dynamo and motor 
field. Ihave derived considerable assistance from an exhaustive 
treatment of different machines in this manner. The results 
obtained are very curious, and serve to explain why it is advisable 
to make a difference between machines used as dynamos or as 
motors. 

Generally motors are likely to have greater and more sudden 
variations of load than dynamos, hence the necessity for extra 
care in designing the pole pieces. The principal point to be 
aimed at is to make the position of commutation sufficiently large 
for the variations likely to occur. 

Assuming we have now designed and built our motor on the 


‘ lines discussed here, it will be necessary to examine the degree 


of excellence attained. This is best done by brake tests. It will 
not be necessary to run the motor at a constant potential; 
indeed, in practice this is often a matter of no little difficulty. 
Let our motor be series wound, and designed to run on a 
lighting circuit of 100 volts. Measure the ohmic resistance hot. 
Arrange the motor with a Prony or other absorption brake, and 
put a suitable resistance in series with the windings, so that any 
desired E.M.F. may be obtained within the limits of supply. 
First, run the motor lizht, i.e., without the brake, at the highest 
om required of it, and note the terminal volts and the ampéres. 
hen place the brake in position and screw down the blocks. 
Take readings with different loads, varying the current by inter- 
vals of one ampére, and noting the corresponding volts and speeds. 
When the maximum load is reached, we have all the data for 
calculating the performance of our motor. Arrange ten columns 
with following headings :— ; 


ght. | olts.| Amp. | B. leiency, | 


The first four are filled in from the observations of the test. The 
B.H.P. is calculated from the speed, the brake load, and the 
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brake constant. The E.H.P. and the efficiency speak for them- 
selves. We have now three columns left. From these we purpose 
to plot three curves that wili show how far our method of design 
be successful. . 


The first, ., is the terminal E.M.F. divided by the speed ob- 


taining for the particular value of E. 
The second, <, is the so called back E.M.F. (= E — C R) 


divided by the same value of n. 
The third, =. is really of the same order, viz., a 


definite number of volts absorbed per revolution in actual work on 
the brake. 

This requires some explanation. Note that the B.H.P. multi- 
plied by 746 gives the available useful horse-power in watts, i.e., 
a quantity that can be oe the symbol, C, E. We know 
the current flowing for any load, but do not know the exact 
fraction of the applied E.M.F. usefully employed for external 
work. But if we divide the B.H.P. expressed in watts by the 
known currents, the value of the unknown volts is given. This 
quantity is divided by n to reduce it to volts per revolution. The 


B.H.P. 746 
efficiency is thus given us by dividing Js Bor efficiency 
-H.P. 
aS ca We now take a piece of squared paper, and set 


off the current as abscisse, and for ordinates the volts per revolu- 
tion. Then we plot against the several currents the corresponding 
E e B.H.P. 746 

These curves start at that particular value of c which is 
_ sufficient to overcome the static resistance of the motor. 
t will be noted that they tend to diverge from parallelism as the 

load increases. They show on inspection two things of great 
importance in motor design. The height of the ordinates between 


E 
= and < show the E.M.F. lost over the ohmic resistance of the 


machine when heated to its normal temperature. The distance 


B.H.P. 746 
shows the E.M.F. lost 


This gives us three curves. 


between = and the lowest curve 


from all other causes, viz., material and magnetic friction, and by 
induction. These three curves give at a glance the value of the 
motor as a converter of energy, and they show not only where the 
losses occur, but they give the magnitudes. The several quantities 
are divided by n, simply because it is practically difficult 
to make a test with constant speed. Since nis proportional to 
B.H.P. 746 
ne 


to each value of c, no error of importance is introduced. 

We now can see whether the losses, other than those due to the 
internal resistance, are excessive. The heat waste is a n 
evil, and can only be reduced within certain limits. The area 


and is the same for the three ordinates corresponding 


between < and the work curve can, however, be made very small. 


In a really well designed motor this area should always be con- 
siderably less than that proportional to C?, R. 

If the losses due to friction and Foucault currents be larger than 
those caused by the copper resistance, the machine is badly 
designed. Our motor, however, will not only have a small value 


for C*, RB, but its other losses will not exceed oS. 


With these rough notes I close my paper. I may not have told 
you much that is new, but I hope to have made clear some of the 
more general difficulties, and to have put the design of motors on 
a simple engineering basis. 


NEW PATENTS—1888. 


180354. “ An improved ampére gauge and connections, parts 
of which are applicable to other electric appliances.” Sir W. 
Tuomson. [This application having been originally included in 
No. 18035, dated December 11, 1888, takes under Patents Rule 23, 
that date. } 

180358. “ Improved apparatus for continuously measuring and 
recording potentials or currents.” Sir W. THomson. [This ap- 
plication having been originally included in No. 18035, dated 
December 11, 1888, takes under Patents Rule 23, that date. | 

18035c. “ Apparatus for regulating electric potentials or cur- 
rents.” Sir W. Focment. [This application having been originally 
included in No. 18035, dated December 11, 1888, takes under 
Patents Rule 23, that date. } 


1889. 

1056. “Improved electrical storage battery.” TT. 
Dated January 21. 

1057. ‘“ Improvements in electric date and time hand stamps.” 
C. Apams-Ranvaty. Dated January 21. 

1101. ‘“ Improvements in and relating to underground mains 
for electric conductors.” W. Lowrie and C. J. Haun. Dated 
January 2i. 

1103. ‘ Improved system of distributing pipes, or conduits, for 
containing the supply conductors for electric lighting.” W. 
Lowrie and C. J. Hatt. Dated January 21. (Complete.) 

1112. “Improvements in simultaneous telephony and tele- 
graphy.” E.Gwosperr. Dated January 21. (Complete.) 

1113. “ Improvements in long distance telephony.” E. Gwos- 
pEFF. Dated January 21. (Complete.) 

1118. “ Improvements in apparatus for automatically switch- 
ing loop circuits out of or into the main electric circuits.” E. A. 
Sperry. Dated January 22. (Complete.) 

1162. “ Improvements in and relating to electric governors for 
steam or other motive-power engines.” R.Kennepy. Dated 
January 22. (Complete.) 

1166. “ Improved method of and means for testing the insula- 
tion of electric conductors.” W. Lowrie and C.J. Haun. Dated 
January 22. 

1167. “ Improvements in and relating to switches and switch 
connections for electric circuits.” W. Lowrie and C. J. Hatt. 
Dated January 22. 

1168. “ Improvements in electric current switches.” W. 
Lowers and C. J. Haut. Dated January 22. 

1169. “An automatic electrical machine for the delivery ‘of 
prepaid articles.” G.E. Rurrer. Dated January 22. 

1190. “ Improved means in connection with electric current 
transformers for regulating the electromotive force in the working 
circuit.” Laurence, Paris and Scort, Limited, and W.H. Scort. 
Dated January 22. 

1216. “ Automatic contact maker and breaker for electrical 
circuits.” G.E. Dated January 23. 

1223. “ Reply telegraphs for engine rooms and other pur- 

.’ E. Bere. Dated January 23. (Complete.) 

1229. “ Improvements in adjustable suspending devices for 
electric incandescence lamps.” W. R. Rawiinas and J. J. 
Rawuines. Dated January 23. 

1236. ‘“ Improvements in underground conduits or channels 
for electrical conductors.” B. Verrry. Dated January 23. 

1311. “ Improvements in raising and lowering, and extending, 
applicable to table pillars, table lamps, electric pillars, and to 
other purposes.” H. C. Haroup, R. Jencrns and S. JoHNsON. 
Dated January 24. 

1313. “ Improvements in bleaching paper pulp and vegetable 
fibres by electrolysis.” E.M.H.Anpreout. Dated January 24. 
(Complete.) 

1341. An improved electrical indicator.” C. Dated 
January 24. 

1343. “ Improvements in instruments for measuring elec- 
tricity.’ F. H. Naupsr, H. Nauper, C. W. S. Crawtey and A. 
Soames. Dated January 24. (Complete.) 

1401. “ Improved mode of generating electricity by dynamo- 
electric machines.” I. T. Dyzr, P. Fish and R. C. Fisn. Dated 
January 25. (Complete.) 

1418, “A process for decomposing technical nickel and its 
salts, and galvanically coating objects with pure nickel.” G. 
Krvuss. Dated January 25. (Complete.) 

1420. “Improvements in secondary batteries.” F. Kine. 
Dated January 25. 

1421. “ New and useful improvements in voltaic electric belts 
employed as medicinal agents.” G. A. Sykes. Dated January 25. 
(Complete.) 

1454. “ Electric meters.” H.F.Jozt. Dated January 26. 

1456. “ Improvements in electric traction.” V. G. Lrront. 
Dated January 26. 

1460. ‘“ Improvements in secondary battery plates, elements, 
or supports.” J.S. Sexton. Dated January 26. 

1480. “ Electric meters and motors.” A. Wrieut, G. H. 
AupeRTon and G. J. Puinpotr. Dated January 28. 

1500. “ Applying electric light to cycles.” . R. M. Prestanp 
and E. H. Grover. Dated January 28. 
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1510. “Improvements in electrical transformers.” W. M. 
Morvey. Dated January 28. 

1535. “ Improvements in the construction and working of 
dynamos.” I. A.Trmmis. Dated January 28. 

1537. “ Improvements in or relating to electric incandescent 
lighting.” A. J. Bovuxr. (Communicated by 8. Doubrava, 
Austria.) Dated January 28. 

1573. “ Certain improvements in electro-magnetic transmitters 
(port-electrics).” C. U. Fisner. (Communicated by J. T. Wil- 
liams, United States.) Dated January 29. (Complete.) 

1611. “Improvements relating to multiplex electric tele- 
graphy.” M. W.Derwey. Dated January 29. (Complete.) 

1673. ‘“ Improvements in the construction of secondary bat- 
G. Puitrppart. Dated January 30. 

1677. “ An automatic electric switch.” G.H. WuirrineHam. 
Dated January 30. (Complete.) 

1757. “ A new or improved automatic coin-freed machine for 
giving electric shocks.” J. Mason. Dated January 31. 

1775. “ Means and appliances for holding electric accumu- 
lators on vehicles.” M.R. Warp. Dated January 31. 

1823. “ Improvements constituting a combined translator and 
indicator for telephonic purposes, part of such improvements 
being applicable also, either in such combination or otherwise, 
for preventing or lessening induction between translators placed 
near together.” A. Coneman and H. F. Jackson. ted 
February 1. 

1827. “ Improvements in telephones.” M. Satmony. Dated 
February 1. 

1839. “ A combination electric arc light.” C. Wiis. Dated 
February 1. 

1846. “ Improvements in the application of heat produced from 
liquid hydro-carbon and water burners to the production of light 
and electricity, and in apparatus for this purpose.” W. Bogaert. 
Dated February 1. 

1850. ‘“ Improvements in the method of constructing the arma- 
tures of dynamo-electric generators and motors.” W.T.GoouDEN 
and H. W. RavensHaw. Dated February 1. 

1861. ‘‘ Improvements in and connected with galvanic bat- 
teries.” W.J.S. Dated February 2. 

1865. “ Improvements in telephone apparatus to be designated 
as a telephone receiver rest.” J. BusHELL and G. W. Hueuess. 
Dated February 2. 

1892. ‘ Improvements in electric motors and means for regu- 
lating the same.” A.J. Boutr. (Communicated by L. W. Serrell 
and H. L. Lufkin, United States.) Dated February 2. (Complete.) 

1903. “ Improvements in electric motors and electric meters.” 
S. Z. pE Ferranti. Dated February 2. 

1904. “ Improvements in dynamos suitable especially for use 
as motors.” §S. Z. p—E Ferranti and F. Ince. Dated February 2. 

1911. “ Reducing the difference of potential between the com- 
ep wires of coils over which alternating electric currents 

low or pass.” W.T. and H. W. RavensHaw. Dated 
February 2. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1887. 


17209. “A combined switch and electric lamp support for 
and private conveyances.” J. Winiineand A. D. Dove ass. 

ated December 14. 8d. Consists of a movable board into which the 
lamp is fixed ; this board is made to move on the face of another 
board fitted either to slide backwards or forwards, from left to 
right, or in a circular manner, on the back of the movable board, 
which supports the lamp, are fitted, flush with the surface of the 
back of movable board, brass (or some other good conductive 
metal) plates from which are taken the wires or connections 
which pass through the board to the incandescent lamp. The 
claims are 2 in number. 


17966. “Improvements in electric batteries and in the applica- 
tion thereof to the lighting of miners’ safety lamps.” 0. Y. 
Ruopes. Dated December 31. 8d. The battery is composed of 
the usual carbon and zinc or other suitable elements. The 
elements of the battery are enclosed in a suitable box or case, and 
are so arranged that, on opening the lid of the said box or case, 
the cell containing the exciting solution will be raised, or the 
elements or electrodes may be lowered into the solution, or other- 
wise brought into contact with the exciting solution, the arrange- 
ment being such that when the box is either closed or opened no 
electric action takes place, but on the introduction and turning of 

ereby ing it available for lighting the miners’ safety lamp. 
The claims are 3 in number. em ree 


1888. 


296. “Improvements in switches for electric circuits.” T. 
Parker. Dated January 7. 8d. The switch is intended by its 
operation to enable the whole of the cells of the battery to be 
joined up in series ; a portion of the cells to be inclu in the 


circuit in series ; the cells to be joined up in parallel series in 
differing sets of cells, and in other desired combinations, and to 
enable the circuit to be opened or to be closed with any desired 
combination of the cells of the battery. The claims are 3 in 
number. 


472. “Improvements in apparatus for treating sewage and 
other impure liquids by electrolysis.’ W. Werssrer, Jun. 
Dated January 11. 8d. Claims:—1l. Arranging a number of 
separate electrolytic tanks for treating sewage with their 
electrodes connected in series with the main condactor, so that 
the current passes in series through the several tanks, substantially 
as and for the purpose described. 2. Arranging the electrodes in 
groups in the tanks or conduits for the electrolytic treatment of 
sewage, the electrodes in each group being connected in parallel, 
while the several groups of electrodes are connected in series, 
substantially as described. 


584. “Improvements in the method of and apparatus for 
supplying electric railways or tramways with electricity.” W. L. 
Mapeen. (Communicated from abroad by E. Manville.) Dated 
January 13. 8d. The object of the invention is to supply elec- 
tric railway or tramway lines with currents of high primary 
potential in the main leads, but of moderate potential in the 
secondary leads from which the locomotives receive their supply. 
For this purpose the secondary lead is divided into sections or 
successive insulated lengths each arranged to supply the loco- 
motive as it passes along it, and each of those sections is con- 
nected to the primary or main Jead which extends continuously 
the whole length necessary to supply the last of the secondary 
sections, this main lead including appliances, such as will presently 
be described, whereby the currents transmitted from it to the 
discontinuous sections are caused to be of moderate tension. The 
claims are 6 in number. 

569. “Improved method and apparatus for recording and re- 
———* sounds and electric currents.” W. Hepicx. Dated 

anuary 13. 1lld. Consists in recording electric currents and 
sound waves by means of gas jets which impinge upon a moving 
ribbon, and in reproducing electric currents and sound waves by 
means of the signs recorded on the ribbon. The claims are 2 in 
number. 


984. “Improvements in controlling railway signal levers by 
the application of electricity.’ W.F.Bur.iziaH. Dated January 
23. Bd. Consists of a means of enforcing that all the necessary 

ints lie in their proper position and such as are required are 

lt locked in that position before a signal can be lowered for a 
traffic movement, so that by this means it ensures that a signal 
cannot be given unless all points that require to be passed over 
are set and bolt locked in their proper position and such points as 
lead to the route set for the signal and would cause a collision, lie 
in their proper position to prevent such. If any of the rods 
working the points or facing point locks should break, and the 
points or facing point locks not be in their proper position the 
signal cannot be lowered. The novel feature of the invention 
consists in providing a circuit embracing a battery, electromagnet 
lock on signal lever, a contact at the necessary points, a contact 
at the facing point locks, a contact at the catch handle of the 
signal lever or its equivalent, and in some cases an indicator. 
The claims are 4 in number. 


46734. “ Improvements in and relating to switch and cut-out 
apparatus for incandescent electric lamps.” P. M. Justice. 
communication from abroad by C. Heisler, of America.) 
Dated March 27. 8d. Relates to incandescent electric lamps, 
the improvements relating to the automatic geen. | of the current 
to cut out a lamp when it becomes inoperative, and the principle 
of construction is shown as applied first, in the case of a single 
lamp, second, where two or more lamps are used, in which latter 
case another lamp is brought into action upon the failure of one. 
The objects sought are certainty of operation, economy of con- 
struction, with compactness and simplicity. The claims are 21 in 
number. 


CORRESPONDENCE. 


Ocean Temperatures and Submarine Cabies. 


In an interesting article in the REVIEW of January 
25th on Ocean Temperatures and Submarine Cables you 
draw attention to the system of reducing the dielectric 
resistance to 75° Fah., and to the pressure of the atmo- 
sphere, by means of a knowledge of the actual tem- 
perature and pressure of every different portion of the 
cable attained by inspection of the temperature sound- 
ings. 

You go on to say “ we must confess to having been 
disappointed that such an important element should 
have been neglected in the original paper and ignored 
in the subsequent correspondence.” As one who took 
an active part in the “discussion” and “subsequent 
correspondence,” I wish, in self-defence, to remark that 
for my part I should have thought the plan mentioned 
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was obviously the only one that could, with any reason, 
be adopted—at least, in the case of any length of cable 
that lies in wide ranges of depth. This, I imagine, 
would tend to explain the fact of no reference having 
been made thereto at any time and, moreover, of its not 
having been the subject of any previous publication ; 
besides which, as you remark, it is a course well known 
to all submarine telegraph engineers ; indeed, I expect 
this method was adopted instinctively on the first 
occasion after the practical experiments (of 1863) 
which determined the exact rate of variation of the re- 
sistance of gutta-percha by pressure and temperature 
respectively, in which such a calculation (owing to 
great variation of depth) was either necessary or of any 
use. The same plan may be employed for reducing 
the resistance of the copper conductor of a cable to 
75° F., though, of course, with considerably less advan- 
tage. The results obtained with any such system of 
correction are often, however, suspected of being in- 
accurate as regards the gutta-percha dielectric, where 
the coefficient for temperature applied is often entirely 
unsuited for the insulating medium of that particular 
class and age, besides owing to the difficulty (which you 
mention) of judging correctly as to the exact proportions 
in length of the cable at certain temperatures. Neverthe- 
less it is, I believe, the method which give those results 
which nearest approach the truth. 

The next sentence of the article says, “The very 
value of these bottom temperatures, so far as regards 
submarine cables, lies in the possibility afforded by 
them of applying an accurate temperature and pressure 
correction to every portion of a cable.” (The italics are 
my own.) The writer of the article does not give us 
any detailed account as to the precise manner in which 
the amount of pressure can be calculated with any 
degree of accuracy simply from the bottom tempe- 
rature in various parts of the globe. I believe I am 
right in supposing that this is entirely new ground and 
any further information would, therefore, I imagine, 
be extremely interesting, not to say instructive. In 
practise, | have personally only had the advantage of 
seeing the pressures ascertained by calculation from 
the depth. 

The-writer of the article then alludes to the fact that, 
strictly speaking, it is not correct to use the same tem- 
perature coefficient for gutta-percha of a certain age as 
that which has been based on experiments for variation 
of resistance by temperature with comparatively new 
gutta-percha. This was certainly not one of the points 
“ ignored,” as I referred to it in my communication (in 
connection with Mr. Carpenter’s paper) to the Journal 
of the Society of Telegraph Engineers, No. 75, page 684, 
and also still further on the question of age in a letter 
to the REVIEW of November 28th last ; so that it will 
be seen also that the writer cannot here even claim 
exemption from “ previous publication.” The article 
says, “ Theoretically speaking, the comparison should be 
made with the true 75° of the cable on board ship im- 
mediately previous to laying, and a coefficient table 
constructed upon the lines then indicated. But we 
are aware of no practical method of obtaining these 
figures, so we must rely upon the tables constructed 
from factory tests.” 

If, instead of attempting to note the variation of 
resistance by temperature of a gutta-percha core made 
up into cable on board ship some time after manu- 
facture, the variation of resistance by temperature of a 
piece of core of precisely similar composition be noted 
previously ashore after the same lapse of time since 
manufacture (as well as at various ages) a correct co- 
efficient for variation of resistance by temperature of 
the core on board can be obtained ; the only objections 
to such a complete set of experiments being that of 
time and'expense, which, however, would be consider- 
ably reduced by a gutta-percha of standard composition 
being adhered to. 

With regard to the variation of resistance of different 
gums of gutta-percha by age and temperature respec- 
tively, I venture to think the coefficients for variation 
by temperature would in some cases more strictly apply 
to the gutta-percha used throughout a long length of 


cable if it itself were a really close imitation of some 
such standard composition throughout, giving certain 
results at a certain age and temperature, and at 
various ages and temperatures, from which results the 
coefficient tables for variation of resistance by tempera- 
ture and age respectively might be drawn up. 
Charles Bright. 
January 30th, 1889. : 


A New System of Survey and Construction for Railway 
Telegraphs. 
The following reports appeared in a Scotch paper, 


dated 9th inst. :— 
“ Yesterday a gale of exceptional violence and dura- 


tion, and which has resulted in the almost complete 


breakdown of telegraph communication, appeared in 
the North. . . . . Early in the forenoon about a 
dozen of the telegraph pules between Fort George and 
Nairn were thrown down, and communication to the 
South was therefore stopped. Meanwhile a 
number of wires were blown down near Dalcross, and 
the work of destruction went on so quickly, that early 
in the afternoon thetelegraph system between Inverness 
and Nairn was a complete wreck, The poles 
and wires were strewn over the line of rails, and in 
order to enable the trains to proceed the telegraph staff 
had to cut the wires, and throw the broken poles on the 
south-going line of rails. Between Inverness and 
Colloden the double poles shaped like the letter A have 
suffered as much as the single poles. A special train, 
with a large staff of workmen, was despatched last 
night to clear the south line of the telegraph wires, and 
endeavour to restore communication. The local and 
district wires number some fourteen or fifteen, so that 
the work of restoration will occupy some time.” 

And on 11th inst. :— 

“The telegraph system is completely disorganised, 
and all trains have to run in accordance with the time 
tables.” 

Is it possible that the double unstayed poles, the use 
of which was so strongly and eloquently advocated by 
Mr. Gilbert in the article which appeared in the 
REVIEW of 18th May, have failed him, and landed the 
Highland Company in this mess? If so, what a com- 
mentary on the “new system!” What an answer to 
many boasts ! 

Moral—Don’t halloo till you are out of the wood, and 
remember that Nemesis may turn up at any time in a 


wild Nor’-Easter. 
Jno. McDonald. 


Analogies. 


I notice a most absurd analogy which is drawn by 
one of your correspondents this week, concerning the 
late paper and discussion on “ Insulation Resistance.” 

It is this: Mr. Bathurst instances the case of an 
installation in which the wires have been well insu- 
lated and properly put up, but which contains a certain 
number of what he calls “ leakage points” in the shape 
of switches, ceiling roses, &c. (I suppose he would also 
include lamp-holders). 

He then says “an installation erected on these lines 
may be likened to a strong iron chain with a string 
loop in it, the chain being just the strength of the 
string.” 

Now,‘on Mr. Bathurst’s own showing, such a chain 
would be no stronger than one composed entirely of 
string loops; but will he contend that in the case of 
the above installation the insulation resistance is no 
higher than it would be if the insulation of the leads 
were defective—in effect if there were an infinite 
number of “leakage points” in addition to those which 
are more or less unavoidable? Otherwise, what is the 
analogy of the chain worth ? 


January 12th, 1889. . 


G. H. Bays, Junr. 
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